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DEVELOPMENT IN ATTKOIOBILE DESIGN. 

The Kif^ht Cylifitier V Motoi -The Twelve Cylinder V Motor — Kew Valve 
Opi-ratinj? Systeinn — Stewart Vacuum Feed — ^New Selebler (^arhuretor 
— Electric Self-Starling Systcmis — New Body Designs a^d Seating Ar- 
ntngeiiKmt.s — Armored Autpmobile.s — Modern Chassis Designs — Cantilever 
and Vnde»*slun" Springs — I^atlier and Spring Plate Universals — ^Tilting 
Steering ^^1leels — Entz Electric Transmission — Knox ITydraalic Brake — 
The One ^lan Top — Lighting Oaa by Electric Spark — ^New Things in 
Electric Lamps — Positive Drive Differential. 

One who visited the 1915 automobile shows w'ifh a hope of finding 
radical developments in an iomohile design was disappointed, as the cars 
were of conventional construction for the most i)art. There were some 
ninv developments which must be described in order to bring tliis 
treatise up to date. Prominent among these may be mentioned the 
eight cylinder V motor, the universal adoption of electric starting and 
lighting systems, the use of cantilever springs, and wide introduction 
of the Stc'wart vacuum feed fuel system. It is not possible to outline 
all of the self-starters in a treatise of this nature, because these were 
shown in such an infinite variety of form that a hook could be w^ritten 
on this subject alone. Several novelties of European design are de- 
scribed merely as a forcca.-i of what one might expect in the line of 
futurcj development and not because they are found on any American 
automohiles. 

The Eight Cylinder V Motor, — The announcement of a prominent 
motor-car maker in the late fall of 1914 that he was to market an eight 
cylinder motor vehicle in 1915 created a furor in the automobile trade. 
This type of motor appealed strongly to the motorist as well as to the 
manufacturer, as is evidenced by the announcement of the production 
of eight cylinder models by more than a dozen makers. That manufac- 
turers of engines anticipate a general demand for eight cylinder types 
can be judged by the fact that all of the leading engine builders are 
d('veloping (Mght cylinder engines. Those who have followed the devel- 
opment of the gasoline engine will recall the arguments that were made 
when the six cylinder motor was introduced at a time that the four 
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cylinder type was considered standard. The arrival of the eight cylinder 
has created similar discussion of its practicability. 

The eight cylinder V type engine is not a new design by any means, 
although it is not generally known to automobilists. It has been a 
standard power plant for aeroplanes for many yc'ars, leading exponents 
being the Antoinette, the Woolsley, the E. N. V. in Europe and the 
Curtiss in the United States, ilessrs. I)e Dion-Bouton, a leading 
French automobile manufacturer, is credited with being the first to 
produce an eight cylinder motor as a commercial j)roposition. Many 
racing ears have been built with eight cylinder motors, notably the- 



Fig. 1. — Types of Eight Cylinder Engines Showing the Advantage of tlit / 
Method of Cylinder Placing. 


Rolls-Royce, the Darracq and Winton. The eight cylinder V type 
has also been widely used in racing motor boats and gasoline pro- 
pelled railway eoaclies. It was not a surprise, tlierofore, to tliose who 
were familiar with internal combustion engineering when the eight 
cylinder engine was ap])1ied for automobile propulsion. 

The reason tlie V type shown at Fig. 1-A is favored is that the 
^^all-in-line form ’’ wliich is shown at Fig. 1-B is not practical for 
motor vehicles because of its length. Compared to the standard four 
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cylinder engine it is nearly twice |as long and it required a 
much stronger and longer craiik shaft. Jt wiil be evident that it could 
not be located to advantage in thc» automobile frame. These undesirable 
factors are eliminated in the V type eight cylinder motor, as it con- 
sists of two blocks of four cylinders each, so arranged that one set or 
block is at an angle of forty-live degrees from the vei iical center line 
of the motor, or at an angle of ninety degrees with the other set.^ This 
arrangement of cylinders produces a motor that is no longer than a 
four cylinder engine of half the power would be. 
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Fig. 2. — Curves Showing Torque of Various Engine Types Demonstrate Gra^-* 
^ icaliy Marked Advantage of the Eight Cylinder Type. 

Apparently there is considerable misconception as to the advantage 
of the two extra cylindervS of the eight as compared with the six 
cylinder. It sljoiild be borne in mind that the multiplication in the 
number of cylinders noticed since the early days of automobile devel- 
opment has not been for solely increasing the power of the engine, but 
to secure a more even turning movement, greater flexibility and to 
eliminate destructive vibration. The Meal internal combustion motor 
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would be that which more nearly conforms to the steady running 
produced by a steam turbine or eletdric motor. The advocates of the 
eight cylinder engine bring up the item of uniform torque as one of 
the most important advantages of the eiglit cylinder design, A number 
of torque diagrams are sliown at Fig. 2. While tliese ap}>ear to be deeply 
technical^ they may be very easily followed when their purpose is ex- 
plained. At the top is shown the torque diagram of a single cylinder 
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' 4 ' 

motor of the four cycle type. The higli point in the line represents 
the period of greatest torqne or power grueya lion, and it will be evi-- 
dent that lliis occurs early in Iho first revolution of the crank sliaft. 
Below this diagram is shown a similar jurve except that it is produced 
by a four cylimler engine. lns])eciion will show that the turning mo- 
ment is much more uniform than in the single cylind.r; similarly, flte 
six cylinder diagram is an improvement over the four, and M right 
cylinder diagram is an improvement over tlie six cylinder. 



Fig, 4. — ^Method of Installing Cadillac Eight Cylinder Engine in Motor 

Car Frame. 


Tlie reason that practically continuous torque is obtained in an 
eight cylinder engine is that one cylinder fires every ninety degrees 
of crank shaft rotation, and as each impulse lasts nearly seventy-five 
per cent, of the stroke, one can easily appreciate that an engine that will 
give four explosions ])cr revolution of the crank shaft will run more 
uniform than one that gives but three explosions per revolution, as the 
six cylinder does, and will be twice as smooth running as a four cylin- 
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der, in. which but two explosions occur per revolution of the crank 
shaft. The comparison is so clearly shown in graphical diagrams tliat 
further descri])tion is umieeesary. 

The front view of a typical eight cylinder engine with the cover 
removed from the timing gear case is outlined at Fig. 3. In this en- 
gine the cylinders are cast in blocks of four and are of the L head 
type, the valves being on the inside of the cylinder block facing those 
of the otlier^ cylinders. This makes it possible to operate the valves by 
one cam shaft, driven by silent chain gearing from the pinion on the 
crank shaft. There is ample space between the two cylinder blocks to 
mount the carburetor, igniiion distrjbutor and other parts. The 
method of installing the eight cylinder motor in the Cadillac auto- 
mobile frame is clearly shown at Fig. 4. The only points in which an 
eight cylinder motor differs from a four cylinder is in the arrangement 
of the connecting rod, as in many designs it is necessary to have two 
rods working from the same crank pin. This difficulty is easily over- 
come in some designs by staggering the cylinders and having the two 
connecting rod big ends of conventional form side by side on a com- 
mon crank pin. In other designs one rod is a forked form and works 
on the outside of a rod of the regular pattern. Still another method 
is to have a boss just above the main bearing on one connecting rod 
to which the lower portion of the connecting rod in the opposite cylin- 
der is hinged. 

As tlie eight cylinder engine may actually be made lighter than the 
six cylinder of equal power, it is possible to use smaller reciprocating 
parts, such as pistons, connecting rods and valve gear, and obtain 
higlier engine speed with practically no vibration. The firing order 
in nearly every case is the same as in a four cylinder except that the 
explosions occur alternately in each set of cylinders. In prevailing 
practice the sequence is 1-3-4-2. The firing order of an eight cylinder 
motor is apt to be confusing to the motorist, especially if one con- 
siders that there are eight possible sequences. The majority of en- 
gineers favor the alternate firing from side to side. This is given by 
several manufacturers as follows : 1-4-5-2-7-G-3-8. Another firing*order, 
1.8-3-G-4.5-2-7; still another, l-G.3-5-4-7-2-8. Some makers call the 
left front cylinder, or that nearest the radiator, No. 1, and the opposite 
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cylinder the No. 8. No clilTiciilty is ’e:spef ienifeed in an eight cylinder en- 
gine either in carhiiretion oi in tiring the charge. In six cylinder en- 
gines some (lifliculty is apt to be exjK‘rienecd in securing proper car- 
buretor action^ but in an eiglit the problem is as simple as in the four 
cylinder engine. 

Packard Twelve-Cylinder Engine.^ — One of the firsl makers to an- 
nounce a twelve-cylinder car for the 1916 season is the Packard tor 
Car Company of Detroit, Mich., which is building a high-speed motor 
incorporating all recent features of design in securing light recipro- 
cating parts, large valve openings, etc. The twelve-cylinder motor 
incorporates the best features of high-speed motor design and there 
is no need at this time to discuss further the pros and cons of the 
twelve-cylinder versus the eight or six, because it is conceded by all 
that there is^the same degree of increase of steady power application 
in the twelve over the eight as there would be in the eight over the 
six. The question resolves itself into having a motor of high power 
that will run with minimum vibration and that produces smooth 
action. It should he rernemhered that if an eight-cylinder engine 
will give four explosions per revoluton of the fly-wheel, a twelve- 
cylinder type will give six explosions per revolution, and instead of 
the impulses coining 00 degrees crank travel apart, as in the case of 
the eight-cylinder, these will come but 60 degrees of crank travel 
apart in the case of the twelve-cylinder. When one realizes that the 
actual duration of the power stroke is considerably greater than 1^0 
degrees crank travel, it will be apparent that the overlapping of ex- 
plosions must deliver a very uniform application of power. 

The dimensions of the new Packard motor are 3" bore by 5" 
stroke, giving a total piston displacement of 424 cubic inches. The 
motor will attain a speed of 3,000 or more if necessary, 

although the multiplicity of explosions produces so much power at 
the low motor speeds that tlie high range of speed will be needed only 
when extreme conditions are encountered. The pistons are of alu- 
minum alloy and the connecting rods are machined all over in order 
to have small reciprocating weight. The piston weighs but 17 ounces 
complete with rings, and the upper half of the connecting rod, which 
is considered a reciprocating mass, W'Bighs but 8.5 ounces, this making 
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Fig. 4A.— Sectional View Through End Section Through Packard Twin ®x 
Motor, Showing Arrangement of Parts and Narrow Motor Possible by 
60~de^ee Placing. 
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a very small total mass of 1 pouBd 9,5 ont^. Knowing Jhat the 
vibration which is present*ia the sia-eyliuder if^rie to the weight ai 
pistons, etc., it will be apparent that if this weight is les^ned, as it % . 
in the ‘Twin Six^’ design, a m«tU smoother running motoy^w^l 
be obtained. Ono ma> .^ay that tl»e Iv’clve ejlfnder is in 
combine the advantages of the six and eisrht and to simuHaneensly ^ 
eliminate f^ome of the disad\ antages of both types. * WTlila this isglivie 
to only a limited extent, it is apfiarent that for very powerful engines 
the twelve-cylinder will have a logical field. 

The Packard motor has two block castings, consisting of six cyiiB^ 
ders each, set on an aluminum crank case, with the cylindei;^ center 
lines 30 degrees each side of the vertical motor center line, whicsli 
gives an included angle of 00 degrees between the two cylinder center 
lines. This arrangement gives the best torque, which is obtained with 
f*\en intervals between the explosions. The valves are placed between 
the cylinders in the ordinary fadiion, but they are more accessible 
than in the eight-cylinder because the narrownoNS or reduction of width 
possible by the 60-degree jdacing of the cylinders allows the generator, 
starting motor, water pump and other attachments to be mounted 
alongside of the engine craiik case just as in the ordinary four- 
cylinder engine. This clear.'*' the valves of all obstructions and the 
carburetor is placed high enough to he easily reached itself. Ignition 
is by battery and coil, two timer-distributors being used, one for each 
block of six cylinders. 

In a recent te^'t, the Packard motor used but one gallon to eleven 
miles, wliich is very good mileage for an engine of that horse power. 
To allow the motor to he u.sed at i*ontinued high speed, a high-pressure 
oiling system is essential The oil is carried up from the crank ^dns 
to the piston pins by pipes lying inside of the channel of the “H” 
section of the connecting rods. There are but three main crankshaft 
bearings, this being con.sidered sufficient for the short length of the 
crankshaft. Besides the crankshaft and piston pin leads oil under 
pressure is distributed to the camshaft, generator shaft, air and oil- 
pump shafts and the timer shaft. Overflow from the generator shaft 
cares for the silent chain at the front which drives the cajKftriiaft and 
auxiliary units placed at the side of tjio motor. 

IX 
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Fig. 6. Sectional View of the Weidely Motor Showing Method of Opemtifie 
Valves by Overhead Camshaft. 

a point IS reached where the spring is not capable of returning the 
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^nt. It IS possible to extend the limits considerably by using a light 
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A part sMictional view thronj^h at’jHlidpr an engine designed by 
G. Miehaux is shown at Fig* 6- A. TIi<?re are two valyes per cylinder 
inrlincnl at about ten degrees from the vertical* The valve stems are 
of large diamete’*, as ov^ing to positive control, theie is no necessity 
of lightening this part in an unusual degree. A single overhead cam 
shaft has eight pairs of cam->, wliich aie shown in deiail at B. For 



Fig. 6. — Two Methods of Operating Valves by Positive Cam Mechanism which 
Closes as Well as Opens Them. 


each valve there is a thn^o-arnied rocker, one arm of which is con- 
nected to tlie stem of flu* valve and the two others are in contact 
resptxdively witli the opening and closing cams.* 'Phe connection to 
the end of the valve s(<Mn is made hv a short eonnecting link which 
is screwed on to the ('ml of tlie valve stem and lo(‘ked in }>osition. Thin 
allows some adjuslnumt to he made bctwwn the valves and the ac- 
tuating rocker. It will he evident that one cam and one rocker arm 
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prodiK'Cs, the opening of llie valve and that tlie corresponding rocker 
arm and cam result in <lic closing of the valve. If the opening cam 
has the usual convex profile the closing cam has a correspondingly 
concave profile. It will he noticed that a light valve spring is shown in 
drawing. This is provided to give a final seating to its valve after it 
has been closed by ilie cam. This is not abs(dut(dy ne(‘essaiT, as an en- 
gine has been run su(‘ce.'-sfu1ly without these springs. The whole 
mechanism is contained witliiii an overliead aluminum cover. 

The positive valve system us(‘d on the r>e l^age motor is shown 
at I). In this the valves are actuated as shown in sectional views 1) 
and E. The valve system is nni<iue in that four valves are pro- 
vided per cylinder, two for exhaust and two for intake. The valves 


are mounted side by side, as shown at E, so the doulde actuator mem- 
1)0 r may he o])e rated i)y a single set of cams. The valve operating 
inem])cr consi'<t< of a yoke having guide bars at the top “and liotiom. 
The actuating cam works inside of this yoke. The usual form of 
cam acts on the lower portion of the yok(' to open the valve, while 
the concave cam acts on the upper ])art to close the valves. In this 
design provision is made for e\])ansion of tlie valve st(‘ms due to heat, 
and tliese are not pc^sitively eoinuvied tf) the actuatintr memher. As 
shown at E, the valves are held against the s(‘at by short coil s]>rings 
at the upper end of the stem. These are v(‘ry stiff and are only in- 
tended to provide for ex])ansion. A sliglit space is left l>eiw<*en the 
top of the valve stem and the portion of the operating member that 
lieara against them wbeii the r(‘g\ilar jirofde cam exerts its })ress\ire 
on the bottom of the valve operating meebanism. Another novelty in 
this motor d(‘sign is Diat the earn shafts and the valvt? operating mem- 
bers are carried in casings attached above the motor by housing sup- 
ports in the form of small steel pillars. The overhead earn shafts 
are o])erated by means of bevel gearing, 

Stewart Vacuum Fuel Feed. — One of tlie marked tendencie.s has 
l.eeii tlie adopt i..n of a vafiiimi fuol feed Fvstcin to dniw tlie gasoline 
from tanks ])l,ic('d lower itian the c-arlnindor insload of tisinp; eitlicr 
exhaust gas or air iM-e>Mirc to achieve lliis end. Tho device generally 
fitted IS the Stewart vacuum feed tank which is clearly shown in 
sec ion at big. 'i-A, and method of application to the side of a motor 
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Fig. 7. — The Stewart Vacuum Fuel Feed and One Method of Applicadon. 

ut Fig. 7-R. In tins sysUnn ibe suction of a motor is employed to 
draw gasoline from tlu' main fuel tank to the auxiliary tank incor- 
porated in tlie devi(*e and from this tank the liquid ,flows to tlie car- 
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lairclor. It is claimed that all the advantaj^os of the pressure system 
are obtained witli very little more eomplieat iou than is found on the 
ovdiiwry gravity feed. The iiieehanisrn is nil contained in the evlin- 
drical tank shown, which may be mounted either on the front of tlw 
dn<\\ or on tlie side of the engine as shown at Fig. 7-B. 

The tank is divided into two e\iam\>eTS, the upper one heing the 
iilling chamber and the lower one the emptying chamber. The former, 
wliich is at the top of the device, contains the lloat valve, as well as 
tlu' pipes running to the main fuel container and to the intake mani- 
fold. The lower eliamher is used to supply the carhnrePm with gaso- 
line and is under atmosplicric ]>res<hre at all limes, so the llow’of 
fuel from it is by means of gravity only. Since this (hamlicr is locateil 
somewhat above the carburetor, there must always be free tlow <»f 
fuel. Atmospberie pressure is maintained In* the pipes A and Ik tie* 
latter opening into the air. In order that the fuel will be sucked from 
a main tank to the ipipcr chamber, the suction valv(‘ must he 
opened and the atmospheric valve closed. Fiider these' comlitions tin* 
float is at the bottom and the suction at the intake manifohl produce, 
a vacuum in the tank which draws the gasoline from the main tank 
to the np])cr chamber. ’Wben tbe upper cbainlxT is filb'd at the j>ropcr 
height the float rises to the top, this closing the suction valve* ami 
opening the ahnosplieric valve. As the suction is now cut oil', tiie* lf>we‘r 
ehamher is filled by gra\ity owing to tlu're being atmosjduuic ])re‘Ssiire 
in both upper and low'cr chambers, A flap valve is pnivide'd briwe'rn 
the two chambers to ])rev<?nt tbe gasoline in tbe lower one* fremi being 
suckeet back into the* n])per one. The atmospheric and suction val\e*s 
are controlIeMl by the leve^rs (J and I), both of wdiich are piv(»l(‘<l at K, 
their outer ends being conne'ctcd by two e*nil s[)rings. It i> >ccn that 
the arrangcmciii of these two springs is such that the* float must he 
holrl at the extrcinii y of its movement, and that it eannot assume an 
intermediate* pewii ion. 

Ibis Interniiite'iit action is required to insure tliai tbe upper ])arl 
ot tbe tank may lx* under atmospb(‘ric jircssnre jiart f)f tiie* tiim^ for 
tlR‘ fjasolitK! 1.) n.w to ilu! l.,wcr ctiaiiilK-r. Wlioti the level of frasoliiio 
lops to a eeftain point, tlie float fall-, this opeiiiiiff th(! suetioii valve 
and closing the ainioi-pherie valvo. 'Dio snetiou of the motor then 
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oaus<^s a fion" of fuel from main conlai^ior. As soon as the level 
to tlio r)roi)fr ilie dosit reliirns to ifs iijiper posiliom It 

<aiv(‘s tihoftt two >(‘cowi< for tlir rliaiiiht'/ to lanonie foil enoii^'']i to tbI.-o 
ili(‘ lloat, as Imt rfo ^^^allorf is t ansIVm^d a( a tiiho. The pipe ruuniiig 
fiom the h<iitntn »i‘ lln‘ lower elianiher to the oarbureho* exteuns a 
ways, so that there is but liiih ehance of dirt or water being carried 
to th(? boat ('iianiber. 

If th(^ ear is allowed to stand long enough so that the tank be- 
(*onu‘s enij)ty, it will be ro|deni<hed after the motor has been cranked 
ov(*r four or five times witli the throttle closed. The installation of 
tin* St<‘wart Vaeuum-dravity System is very simple. The suction pipe 
is ta])jH‘d into the manifold at a ]M»int as near the c\linders as possible, 
while the fuel ])i]ie is insert(‘d into the gasoline tank and runs to the 
hoi torn of that niemher. There is a 'Cnvn at the end of the fuel pipe to 
]M't‘\(mt any troiihle due to deposits of sediment in the main container. 
A< the fuel is siieked from the gasoline^ tank a small vent must be 
nuide in the tank tiller (aip so that the pressure in the main tank will 
always he tliat of the atnio>phere. 

In this illustration is also shown anotlier roecnt improvement in 
cari)uretion at (\ Owing to the lower grade> of fuel now being 
generally sii])plied, tlie primary inlet of the carburetor is connected 
to an air stove fasteiu‘d to tlu* exhaust pipe in order that heated air 
will he supplied the mixture. This assists in vaporization. The fitting 
outlined is e.\((‘|)t ionally neat, inasmuch as it is a casting with which is 
incorporaUvl tlu* di>charge elhow from the exhaust valve chambers of 
the motor to which Uio exhaust pipe leading to the mufller is seciiml. 

New Schebler Carburetor. — A new Helublcr carburetor, which i> 
lK‘ing widely fitted to Iblti cars, i.s sli Avii at Fig, 8, It will be noticed 
tliat a metering pin or needle valve opens the jet w’hen the air valve 
opens. The long arm of a h'verage is connected to the air valve, while 
the short arm is connected to the needle, the reduction in leverage 
l)(*ing siK*h that the needle valve is made to travel much less than the 
air valve. For setting tlie amount of fuel pass(*d or the size of the 
jei orifice when running with the air valve closed, there is a screw 
which raises (»r lowers the fulcrum of the lever and there is also a 
dash control having the same effect by pushing down the fulcrum 
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New Model of Schebler Carburetor With Metering Valve and Extended Venturi. [Note Mechanical 
Connection Between Air Valve and Fuel Reeulating Needle. 
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a^iiinst a small spriii^r. A long extensioii ts given iu the venturi tube 
whieh is very narrow arourul ihe jet orifices, wlueli are liorizoutal and 
>liu\vii at A in the drawing. Fuel cjiiers the float chamber through 
the union il aiivl the spuiig holds tlie nudoring {)ia upward against 
the resiraiiiiiig ;;etion ol* the iever. I1ic air valve may he set by, mi 
easily a<Ijuslahle knurl<‘(l m t* w sliovvn in the drawing and fluiteriog 
of the valve is ])revenled by tln^i>lon dash ]K>t carried in a ehambiT 
above the valve into wlii^ii tin* valve stem ])rojeets. The priiaary air 
enters beneath the jet ])as>age and there is a small throttle in the in- 
take to inercase the sj)t‘(‘(l of air flow for starting purposes. The 
earhundor is adapted for the use of a liot air eonueetiuii to the stove 
around the e.xliaust })ipe and it is recommended that such a fitting l>e 
suppli(‘d. The lever whic'li controls the snj»ply of air through tlie 
))rimary air intake is so arrangid that if desired it can be connected 
with a linkage on the dash or steering column hy means of a flexible 
wire. 

Self-Starting Systems. — Kh-etrie starting and lighting systems have 
been made in many forms: though tlie basic ))rineiples of operation 
an* practically the same in all sy>tem<. they can be grouped in several 
main (*lassi(i(*ations. It will not be ])ossib]e to describe all in a general 
tn*atise of tin's nature, but if the f(*atiires of the leading systems are 
outlined it will not hi* diilii iilt for the inotori>t or re})airman to be- 
eoine familiar with the ])riiH'iples of other systems which may be dif- 
ferent only in points of minor detail. >Jot only do the individual 
systems vary in detail, but the eomjmncnts of the same system 
are often of diffen'in const met ion when used on cars of differ- 
ent makes. The siandanl eipnpmeiii must iiielude tliiw main com 
|)om‘nt ]iaris; namely, tlie generator, which is driven by the engine 
and which produces electric current to keep the storage battery 
charged, and the starting motor, which is in mechanical connection 
with the cngiiu* and in elect rii al coimection wdth the storage battery 

I • ♦ ' ♦ O V 

when d is d<*sircd to turn the engine over for starting. If the motor 
and g(*neralor an* comiu'ned in one instrument, the starting system is 
known as a ‘‘one-unit" type. If the motor is one appliance and the 
generator ano(h(*r, the systi*m is said to be a ‘Txvo-unit" type. Each of 
these has advantages, and both forms have demonstrated tliat they are 
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thoroughly praotioal. In aildition to the three main items enumerated, 
various accessories, such as switches, ammeters, cfmnectors, wiring, pro- 
tective circuit breakers, automatic current regulators, etc., are neces- 
sary for the conveaient distribution and control of the electric current. 

The arrangement of tlie parts of a typical ^^one-uidt ^ system in 
which the motor generator is iis(*d only for starting and lighting is 
shown at Fig. 9, Tliis shows the location of the various parts in their 
relation to tlie other components of the motor car j>ower plant. The 
motor generator is usually mounted at the side of the engine and is 
driven by the drive shaft when used as a generator and serves to 
drive the engine thiough a gear on the fly wheel when it is used as a 
motor. The ignition current is sup])lied from an entirely indeijendcnt 
source not shown — a high tension magneto. Tlie starting swdtch Wnd 
that controlling tlie lighting system are nearly always placed on the 
dash, while the storage battery is carried under the floor of the tonneau 
in a pleasure car or on the running l>oard of the heavier vehicles. It 
will he observed tliat the armature carries two commutators, one of 
which is used when the armature is driven by the engine and w^hen 
the device serves as a current generator, the other being employcnl 
when the operating conditions are reversed and the electrical machine 
is driven as a motor to turn over the engine crank shaft. When the 
device is driven as a generator tlie small sliding pinion on the short 
end of the shaft is out of engagement with the spur gear cut on the 
fly-wheel exterior. When it is desired to start the engine, the spur gear 
is meshed witli the member cut on the fly wheel and the current from 
the storage battery direcled to the windings of the electric maclimc, 
which hecornos a motor and which turns over the engine crank shaft. 
When the device is working as a generator the current developed goes 
to the storage battery and from that member to the various current 
consuming units. Sometimes the motor and generator are combined 
in one casting and the system so jwvided is erroniK>usly called a ‘‘one- 
unit” system. In reality such a system is a “two-unit” system because 
the electrical machines arc uni-functional, instead of performing a 
dual function, as does the combined motor generator at the bottom of 
the illustration, Fig. 9. The wiring is shown in simplified form and 
should be easily followed by anyone. ^ 
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The parts of a two unit motor starting and lighting system are 
shown at top of Fig. 0. This system is sometimes called a “three- 
unit’^ system on account of having a source of independent cur- 
rent supply for ignition purj)oses. As will be observed, the generator 
is driven from the motor crank shaft by silent chain connection, one 



Fig. 10. — Depicting Method of Installing Starting Motor and Current Generator 
on Locomobile Six Cylinder Ei^ne. 


of the terminals passing through the cut-out device and to the storage 
battery, the other terminal running directly to the storage battery ter- 
minal having a slioit bv-y)ass or shunt wire attached to the cut-out. 
All the time that the engine is running the generator is delivering 
electricity to the storage baitery. It m\] be observed tliat the storage 
battery is also coupled to the lighting circuit which is shown at the 
right of the illustration and to the electric starting motor as indicated. 
One of the storage ])attery terminals is joined directly to the switch 
terminal by a suitable conductor, the other goes to one of the terminals 
on the starting motor, while the remaining terminal of the starting 
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motor goes to the switch. tiiis system, when the small sliding 
pinion is meshed with the fly-wheel gear tlie switch is thrown on 
.simnltaneonsly and tlie current that flows from the storage battery 
through the windings of ilie tlarting motor rotates the engine crank 
sliaft by means of a reduction gear shown. As soon as the engine stacks 
tlie foot is released and a spring'pulls the switch out of contact aild 
also disengages the sliding pinion from the fly-wheel gear. The actual 
a]>pcarance of a gasoline engine fitted with a starting motor and gen- 
erator is shown at Fig. 10. It will he ob^erved that the starting motor 
is mounted at the back end of tlie crank case in such a position that 
the sliding pinion may be brougbt into engagement with the fly-w'hecl 
gear. The conventional interlock )>etween the starting switch and the 
pinion shifting means is clearly shown. 

Electrical starting systems may he operated on either six, twelve 
or twenty-four volt current, the former being generally favored be- 
cause the six volt lain]).s use heavier filaments Ilian those of high 
voltage and are not likely to break dne to vilmation. It is also easier 
to install a six volt battery as this is the standard voltage that has 
been used for many years for ignition and electric lighting purposes 
Indore the starting motors were a[)p1ied. In referring to a system as a 
^‘one-unit” system of lighting, starting and ignition one means that 
all of these fumdions are ineor])orated in one device, as in the Delco 
system sliown at Fig. 1*2. If one unit is used for generating the lighting 
atul starting current and also is reYei>i]>le to aet as a motor, but a 
separate ignition means is provided, such as a high tension magneto, 
the system is called a ‘‘tw^o-unit” system. The same designation ap- 
plies to a system when tlie current generating and ignition functions 
are performed by one a|)])liance and w here a sei)arate starting motor is 
used. The threc-uiiit system is that in which a magneto is employed 
for ignition, a generator for su})plying the lighting and starting cur- 
rent and a motor for turning over the engine crank shaft. Before 
describing typical individual systems, it will be well to review briefly 
the various components common to all systems. 

The generator, as will be apparent from its name, is utilized for 
producing current. This is usually a miniature dynamo patterned 
largely after those that have received wide application for generating 
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current for eleetj ic ligliting of oiir homes anti factories. The generators 
of the ilifforeiit systems vary in eonstrnetion, some having a permanent 
magnetic field, while others liave an excited field. In tlie foniier case 
permanent liorseslioe magnets are used as in a magneto. In the oilier 
construction the field magnets as well as the armature are wound witli 
coils of wire. In all cases the dynamo or generator should be me- 
elianioally driven from the engine crank shaft either by means of a 
direct drive, by silent chain or through the medium of the timing or 
magneto operating gears. All the current produced by the generator 
and not utilized by the various current consuming units, such as the 
lamps, ignition system, electric liorn, etc!, is accumulated or stored in 
the storage battery and kept in reserve for starling or lighting when 
the engine is not running or bir lighting and ignition >vlien the car 
is being run at such low s}»eed that the generator is not supplying 
current. 

Storage batteries used in starting systems must bo of sjiecial de* 
sign and large capacity in order to stand the liigh discluirge and to 
perform efiicienlly under the severe viliratinn and operating conditions 
incidental to automobile service. The storage battery may be in<talletl 
on the running lioard of the automobile, under the body, or under the 
rear seat, the location depending ujion the design of the car and the de- 
gree of aceessilfility desired. The her.t practice is to set the storage InU- 
tcry in a substantial carrying case held by rigid liraces attached to the 
frame side and cross members. The battery may be >et under the tonneau 
floor boards, a door in these giving ready access to the battery. The 
starting motor, which takes the place of tlie common hand crank, is 
operated by current from tlie storage battery, and the high spt'od arma- 
ture rotation is reduced to the proper cranking speed by suitable re- 
duction gears. 'Ilio construction of the starling motor is practically 
the same as lliai of tlie dynamo and it operates on the same principles, 
except that one instrument is a reversal of the other. 

In order to secure automatic o])eration of a lighting and starting 
system several mechanical and electrical controls are needed, these in- 
cluding the circuit breaker, the governor, w^hicli may be either me- 
chanical or electrical, and the operating switches. The circuit breaker 
or automatic cut-out is a device to retain current in the storage bat- 
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tcry under such conditions Ujat the battery torrent is stronger than 
that delivered from the generator. If no circuit breaker was provided, 
the storage battery could discharge back through the generator wind- 
ing. The circuit breaker is u.-^ually operaieil b} an electro-magnet and 
may be located either on the generator itself or any other convenient 
place on the car^ though in most cases the circuit breakers are usually 
mounted on the back of the dash-board. 1'bis device is absolutely auto- 
matic in action and reqv/ires but little attention. 

The governors are intended to prevent excessive output of current 
from the generator when tlie engine runs at extremely high speed. Two 
types are used, one mechanical, operated ))y centrifugal force, and the 
oilier, electrical. The former is usually a friction drive mechanism 
mounted on the generator shaft wliich automatically limits the speed 
of tlie dynamo armature to a definite predetermined number of revo- 
lutions per minute, '^fhe maximum current output is thus held to the 
required amount indejxmdontly of the speed at wliich the car is being 
driven. The use of Ibis device minimizes the possibility of overheating 
ibo generator or ovorcliarging tlie battery at high engine speeds. The 
electrical system of governing does not affect tlie speed of the arma- 
ture, hut controls the outjiut of the generator by means of armature 
read ion, a liucking coil or a reversed series field winding. The gov- 
(TDors usmdly permit a maximum generator output of from ten to 
twelve amperes, though tlie normal charging current is less than this 
figure. 

In practically all systems an ampere meter is mounted on the 
dash so it can lie readily inspected by the driver, tliis indicating at all 
iimes the amount of current being produced by the dynamo or drawn 
from the battery. If tlie indicating needle of the ampere meter points 
to the left of the zero point on the scale it means tliat the battery is 
furnishing current to ilio lights or other current consuming units or 
discharging. When the needle points to the other side of the scale it 
means that the gcmu'ator is delivering current to the battery which 
is charging it; the amount of charge or discharge at any time can 
he read from the scale on the face of the ampere meter. Some of these 
instruments have the words ^^eharge’" and ‘^discharge’' under the scale 
in order to enable the operator to road tte instrument correctly* An- 
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other important e ement is the lighting switch which is usually mounted 
nT convenient reach of the car driver. This is usually 

placed on an instrument board on the back of the cowl in connectioi 
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with the other registering iasiniments* A^> ordinarily eonstrncted, the 
switches are inade up of a nutiiber of units as the wiring is such that 
the liead, side and tail lamps may be controlled indejiendently of each 
other. For simplicity and coiivenionce of installation the switch is 
usually arrangotl so that all circuits are wiiod to parallel connecting 
members or ‘^nishars^’ placed on tlie back of the switch. As but little 
current passes through the lighting switeli the contacts are not as heavy 
in construction as are those of the starting switch. 

Aato*Iiite Starting System. — ^"Fhe arrangement of parts of a three 
unit starting, lighting and ignition system of xVuto-Lite manufacture 
is shown at Fig. 1 1, while the various important parts comprising the 
system are shown in the lower portion of the illustration. As will be 
apparent the ignition is from an entirely different source, an independ- 
ent high tension magneto being provided for this purpose. The gen- 
erator is placed at the side of the engine and is driven by a silent chain 
connection from the motor crank shaft. The starting motor is at- 
tached to the rear of the engine on the magneto side and is used to turn 
the engine crank shaft by engaging directly with a gear cut on the 
outside of tlie fly-wlieel. The system operates on the one wire method. 
An automatic circuit breaker is provided to which the generator is 
connected. This is interposed between the generator and storage bat- 
tery and wlien the engine speed l>ecomes so low that the generator out- 
put is less tlian the discliarge of the battery the circuit breaker inter- 
rupts the connection and prevents the battery from discharging through 
the dynamo. The various circuits are clearly outlined in the diagram 
and no difficulty sliould be experienced in tracing the wiring to the 
various units. The lighting system is very complete, consisting of two 
head lights, two side lights, a dash light and rear signal. The wires 
leading to the various units and to the switch are of different colore, so 
that no trouble will result when tracing the various circuits. In order 
to prevent damage through short circuiting of a wire, a fuse box is 
provided, small fuses being interposed in all lamp circuits. When it 
is desired to start the motor, a switch on the master switch box is 
operated and a foot pedal depressed. This automatically engages the 
sliding pinion carried on the motor armature and also closes the start- 
ing switch contacts. 
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The storage l)atter 7 used with this system is shown at Fig. 11-B. 
It differs from eon vent ional construction as the tlirce colls are phunnl 
end to end instead of side by side, making a. long, narrow ]»aitery box 
instead of tJie tY()e generally used, wbieli is approximately s<puire. The 
autoiriaiie circuit l)reak(‘r is shown at 0. The only ]>arts lUMMling inspec- 
tion are (he eonlaet points. The generator, Avhieh is conneeh^d with the 
‘rank shaft and driven by a silent chain, is shown at I). This has an 
eleeiric governing system, so that its current o\itput is less at high 
spe(Hls than it is at normal speeds. The starting motor is sliown at E, 
the sliding pinion winch engages with the fly-wheel gear being clearly 
visi])]e through the cutaway jmrtion of the gear enclosing ease. The 
starling switch is mounted on the end of the motor and is worked by 
the same rod that slides the ])inion. 

Delco Starting System. — One of the most po[)ular systems is that 
shown at Fig. 1:;^, which is a complete starting, lighting and ignition 
system using a single unit to perform the tliree functions, ^rhis is the 
Deloo vsystem and was the flrst really practical self-starting assemhly 
to receive general aj^plication. It is of a single wire or ground type 
which means that one side of tire storage battery is directly (*onnoett‘d to 
the frame of the car, only one wire being carried to th(‘ various lamj^s 
and other eurrent consuming units. The motor generator is a single 
unit type and includes the ignition distributor and tiiuer, whieli is built 
in the front end of the housing. The operation of the motor gtmerator 
will be more clearly understood if one views it first, merely as an 
electric motor, suitably connected with the engine to turn ilie crank 
shaft and then ])y an ingenious shifting of the internal mechanism as a 
generator for charging the storage battery and to furnish (uirnmi for 
the lights and ignition, at this time being so arranged that the gen- 
erator is turned by the engine. 

^\hen used as a moior, it operates on the series wound principle 
and has a spur gear pinion upon the end of the armature shaft nearest 
the fij-wheel. Interposed between this pinion and the gear teeth cut in 
the face of the fly-wheel is a pair of gears adapted to slide along and 
revo ve ^pon an intermediate shaft. This sliding action results in Ihe 
larger of the gears engaging with the motor pinion, wliile the snmller 
one mesies with the gt‘ar teeth on Ihc fly-wheel. A one-way starting 
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rfutch is incorporated inside of this set of gears and is for the 
purpose of p<^rinitting the ougiue to run ahead of the motor during 
the short time that the gears are mesh(*d after the engine fires and is 
TUiining under its own power. The total gear ratio Ix^twcen the 
armature shaft and tlie engine shaft is approximately 20 to 1. This 
means that the armature makes twenty revolutiom; to turn the engine 
ov(‘r once, and assuming a motor speed of 2,000 R. P. M., the engine 
will be cranked over 100 R. P. M.; or considerably faster than is 
possible by hand. 

When the unit is generating current for charging tlie battery it is 
a simple shunt wound generator. In tliis case it is driven from the 
engine by an extension of the ]>iimp shaft. The generator is driven 
at crank sliaft speed and in order to compensate for the liigher ratios 
when the unit is in starting relation to the engine a second one-way 
driving clutch is provided adjacent to the forward liousing. This 
permits the armature to run ahead of the driving shaft during the 
cranking operation. When a starting ])edal is pushed forward it 
shifts the brushes from the generator commutator and engages the 
brushes of the motor eoimhutator, there )x*ing two commutators on 
the armature. Whenever the starting pedal is releas(*d the motor 
brushes are lifted from their commutator and generator brushes arc 
dropped on tlie'r commutator. 

A cut-out relay is located in the rear end lioiising of tlie motor 
generator, this instrument performing a double function. During 
the initial starting operation it is closed mechanically to complete 
the circuit between the storage liattery and the armature, and it also 
automatically closes the circuit between the generator and storage 
battery when tlie generator voltage is high enough to charge the 
battery. It opens the circuit wlien the generator slows down and 
the voltage becomes less than that of the battery, this preventing 
the latter from dis(',harging back through the generator winding. 

The ignition system is composed of a eomliincd tim(?r and dis- 
tributor, a sot of dry cells for reserve ignition and a coil for (1(iliv- 
eririg a high tension spark to the distributor. The distributor eon- 
SLsts of a cap or head of insulating material carrying a high tension 
IS ri mting contact in tlie center, while six similar collecting eon- 
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tactfj are spaced equi-distant about the ccrter one, when device is 
used on a six cylinder motor. A rotor member directs the current 
from the center contact to that leading to the plug in the cylinder 
about to fire. The timer portion of the ignition unit is a short con- 
tact platinum point form and it sends a current of electrirtty 
through the primary winding of the induction coil each time thft a 
spark is needed in the engine. In some of the Delco systems the 
ignition unit is provided witli automatic spark control. In place of 
the fuses, which are used on the system previously described, a pro- 
tective circuit breaker is attached to the switch panel which gives 
warning of a short circuit by rapidly vibrating an armature. The 
various parts of the system and all of the circuits are clearly shown 
ill ihc diagram, and in view of what has beem previom^ly said no 
difiiculty sliould be experienced in tr<icing the various wires. 

An example of a one unit system in which the motor generator 
is attached to and forms part of the gasoline engine fly-wheel is 
shown at Fig. 13, When running as a dynamo, which occurs as 
soon as the engine .starts, the current is delivered to the storage 
battery. If the gasoline engine is stopped and the starting button 
is depressed, the current from the storage battery is passed through 
the windings of the olectrieal device, transforming this into a motor 
and producing sufficient power to crank the engine. In order to 
obtain the proper degree of starting torque a twenty-four volt stor- 
age liattcry is used instead of the six volt battery needed with the 
Delco or Auto-Lite systems. An automatic regulator is providtHl, 
which makes for a uniform rate of battery charging for any engine 
sjKJcds. Another automatic switch, which is worked in connection 
with the starting button, automatically changes the electric motor 
into an electric generator and vice versa. 

New Body Designs and Seating Arrangements. — ^The pronounced 
tendency in body design is to carry out the stream line effect so that 
there are no sharp angles anywhere on the body. The hood meets 
the body, wliich is provid(*(1 with a cowl dash. An example of an 
extreme ^ffioat type’^ body is shown at Fig. 14-A. Sealing arrange- 
ments have been changed to some extent. At B a ^^cluster’^ system 
of arranging the seats for carrying four passengers in a body, but 
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little larger (lum tl»at usually provided m a two passenger ear, is 
bIiowii. The advantage of this ari*aT>gcn)eDt is that it brings al! pas- 
sengers near the ('enter of the Ijody and between the springs, which 
makes for easy riding. A dover leaf seating arrangement for three 
passengers is shown at 0. In the ])ody oiitL'ned at i) the seats fire in 
the form of movable arm ('hairs which may be placed as desirenj, and 
securc'ly locked after tluw are hx'ah'd in suit (be oonvenienee of the 
ot'tii pants. 



Fig. 14.-~Recent Developments in Automobile Body Design* 


In body designs that nre intended to be convertible from five to 
s('ven passimgers' eajan'ity, more ean^ is taken in ('onc'caling llie fold- 
ing seats when these are not in use than was formerly the ease. A 
good example of a folding seat \rhieh may be folded completely out 
of the way when not in use is shown at Fig. 15- A. One of the seats 
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is folded back into the rear portion of the front scat, while the other 
is shown ready for use. A refinement of detail wliich was intro- 
duced on the Soripps-Booth car is shown at Fig. 15-B. This con- 
sists of an electrically operated door lock wdiich eliminates the pro- 
jecting handle found on nearly all cars. Pressing a button at the 
side of The seat wnll send a current of electricity from the storage 
oaticry through the lock mechanism and will withdraw the bolt so 
the door may be readily opened. A good exam])le of the degree of 


Fig. 16.-Refinements in Design of AutomobfleS^^^ Scripps-Booth 

Electnc Door Latch at B. 

luxury found in the bodies of high grade cars is shown at Fig. 15-(\ 
chair”*! luxuriously upholstered arm 
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Armored Automobiles. — The European war has prodiicc'd the de- 
velopment of special typos of automobiles, designed for quick 1ran>it 
of rapid fire guns and their crews. All portions of the cars are pro- 
tectee] ])V alloy stool armor ])hites. The design shown at Fig. is a 
patented construction in which a revolving turret capable of mount- 
ing two machine guns or rapid fire guns of light calibre is used. 
The illustration gives the side elevation, plan and rear views of the 
truck, as vreil as a i)lan of the turret sliowing the various construc- 
tional features. Tmder modern conditions of warfare the cavalry 
forces iliat Avere formerly depended on for roconnoitering are useless 
for present day work, as they are unable to withstand the etfeets of mod- 
ern high power artillery or rifles. On the other hand, armored motor 
cars can pass practically unharmed through a withering rain of rifle 
or machine gun bullets. Tlie revolving turret permits llie fire of the 
guns to be directed against the enemy irrespec'tivc* of tin* direction 
in which the truck is travelling. Ail vulnerable inacliiiu* parts are 
protected substantial plates of armor steel. 'I’he radiator is pro- 
tected by sAvinging doors of steel, which may l)e o])cratcd witli a rod 
from the driver’s seat and which can he closed wiieii the automobile is 
subjected to gun fire. Tlie sides of the body are lu‘ought down low 
enough to protect the engine l)ase, transmission ease and other parts 
that are ex})osed in ilie conventional chassis. Biei‘l wheels and solid 
tires are used in preference to w^ooden wheels and pneumatic tires, 
wfliich Avould be more subject to destruction by bullets. These w'ar 
machines are usually geared for high speed and provided w'itli Iiigh 
powered motors. 

Modem Chassis Designs. — An example of a modern chassis in 
which an eight cylinder Y type engine is used is shown at Fig. 17. 
Ihis show’^s clearly the combination of change speed g(?ar set and 
clutch ease wnth the engine crank case to form a unit powder plant 
and also outlines the application of cantilever springs, wfliich are 
used on many of tlic 1!)U> cars. I'he tendency tow^ard the use of 
siraight brake rods, all carried inside of the chassis frame, is also 
clearly outlined. The practical application of a cantilever spring is 
shown at Fig. 18-A. This type of spring is said to he easier riding 
tlian any form heretofore develop<*d and was first used on autoino- 
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biles hj F. W. Lanchester, of England, who lias favored this type for 
years. With a cantilever spring there is less unsprung weight on 
the rear axle than with the usual type, as it is apparent that only 
tliose portions of a spring which move up and down through the 
same lange as the l)ody are fully spring supported. Tlie jiarts fast- 
ened to the axle are wholly unsprung and intennodiate portions are 
only partially spring su]iported. Another advantage of tlie cantilever 
•spring is tliat for a given length of body and frame it permits a 
longer wheel base or provides the same effect. The way the spring 
is attached to the frame side membefs permits of increasing the 
wlieel base eight or ton inches over tlmt‘iK)ssiblo with a conventional 
semi-olliptic or threc-ijuancr elliptic spring unless these have a largo 
overhang at the rear of the vehicle. If a certain ear is equijiptHl with 
semi-elliptic springs and these are changed over so the mounting is as 
a cantilever spring, one would find that they deflect more than be- 
fore, and that they are also more suwsceptible to minute road irregu- 
larities than they were when hung ii]) in the conventional manner. 

The usual method of hanging a cantilever s])ring is shown at 
A. Tlie thickest portion of the spring is attached to a fitting, wliich 
rocks on a hanger pin secured to the frame side. The front end of 
the spring is shackled to the spring sujiport in tli(‘ usual manner, while 
the rear end is attached to the rear axle. Anotlier tendency is to ust* 
the underslung semi-elliptic or three-quarter elliptic springs, as shown 
at Fig. 18-D. Tliis makes it possilde to carry the w<*ight lower than 
is the case when the spring is placed on top of the axle, and it also 
permits a greater range of spring movement without camhering tlie 
frame side menibor unduly. 

A number of cars now use spring plate or leather disc universal 
joints at points where these arc not siibjcct(»d to undue deflection 
in place of the sliding jaw coupling or Oldliam couplings so widely 
used heretofore. A point where they could be used to special ad- 
vantage is between the clutch and gear case, and for magneto or 
starting generator drive. Some have been applied on the end of a 
propeller drive shaft, where the degree of movement was not apt to 
be excessive owing to the use of straight line drive. The construefion 
of these joints is clearly shown at Fig. 18-C. Two three arm driv- 
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Fig, 18.>-New Methods of Springing at A and B and Steel Plate UniTersal at C, 

in^ spiders are attached to a flexible steel ring, or to a series of leather 
rings, as shown in the illustration, the degrt^ of flexibilty of the 
ring ineiulwr being siu;h as to permit slight disalignment, and at the 
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same time secure positive driving. The advantage of tliis form of 
joint is that it is quiet in action and that there is nothing to wear 
out 

A number of light cars otTeved have true cantilever springs, \vhit l\ 
have been generally known as “quarter elliptic," for front or rear end 
suspension. Contrasted to the usual construction of cantilever sj)rings, 



as shown at Fig. it 

will be seen by referring 
to Fig. 19- A, that this 
s]>ring is really only 
half of a semi-elli])tic 
nu'mher. It is faston(‘d 
securely at its front or 
big end by means of 
spring cli])s to a frame 
brac‘k(*t and to a suit- 
ahl(‘ carrier on the axle 
at the rear end. Tliese 
sjuings are som(‘tim6>8 
made doul)l(‘, as shown 
at Fig. l!)-(\ This is 
a reversion to an early 
de-^ign which was not 
thoroughly ])ractical on 
account of the spring 
steels them available. At 


Fig. 19. — Methods of Using Cantilever Springs. 


the present time spring 
sttnd combines great 


strength, endurance and flexibility, and the simple springs that were 
forrn,erly unsuitable can be used to advantage. 


Several automobile designers have built the steering wheel so that 
this may tilt out of tlie way to permit the driver getting in and out of 
his seat with more comfort. Two practical methods of aecomplislring 
this are shown at Fig. 20. In the design at A, the steering wheel is 
carried by a hinged joint in one of the spokes, while in the other 
shown at B, the wlieel frame work is of p(*culiar form, and the entire 
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wheel may l)0 rocked hack and forth on a ^^uiding meml)er which 
works in grooves in the two spokes forming a ceiitial support for the 
wheel rim. 

The Entz Electric Transmission. — In the Eniz elec^tre transmis- 
sion system shown at Fig. Ihere are two dynamos arraiigcd tandem 
fashion. Tliese are connected n[) mechanically in such a way that 
the efticiency is much higher than that secured by the use of the 
gasoline-electric systems described at other ])oints in this book. The 



Fig. 20. — Forms of Tilting Steering Wheels. 


held frame of the first dynamo is attached to the crank shaft of the en- 
gine, and when the armature circuit is closed, the armature will also re- 
volve and llierehy propel the car, acting exactly the same as a slip- 
ping clutcli, the amount of slip being subject to control. The arma- 
ture is attached directly to the driving shaft, as is that of the motor 
placed back of the generator. When one transmits power through a 
slipping clutch, one cannot get any more from it than is put into it. 
If friction clutch slips fifty per cent., one-half of the energy supplied 
to it is converted by friction' into heat. Similarly in the dynamo or 
generator of the ICntz system, if that nieml)er turns only half as fast 
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Fig. 21.— Modern Adaptation of the ]&itz Electric Transmission on the Owen Magnetic Car. 
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as the field frame, only one-half '>1 tlic pcAv.r supplied to the field 
is meclianically transmitted. The other half appears in the form of 
an electric current in the armature circuit. If the armature were 
short circuited, then r*!! of rhis electrical energy/ would be converted 
into heat. Under conditions of light running, however, when the high 
gear or direct drive would t>e used in a ear equipped with a sliding 
gear transmission, the armature of the Enlz system is short circuited, 
but the slippage and loss then amounts to only a few per cent. 

When the resistance to car movement is greater, so that a lower 
gear must be employed in the gear driven cars, with the Entz sys- 
tem, the current produced in the first armature by the slip is sent to 
the windings of the motor where it produces useful mechanical power. 
As the armature of the motor is secured to the propeller shaft it 
transforms the electrical energy produced by the slip at the gen- 
erator to mechanical i)ower, which supplements that transmitted by 
the generator armature. The winding.s of the second machine are 
such that the electric system can increase the torque or turning effort 
of the engine three times, at the same time reducing the speed of 
driving pinion rotation at the rear axle to one-third that of the engine 
speed. The engine is permitted to develop its full power, and to turn 
at such speed as is necessary to secure this effect, and when the re- 
sistance to road wheel rotation is such that these must turn slower, in- 
stead of slowing up the engine speed it may be kept at the same point 
and the armature of the generator allowed to slip and generate cur- 
rent, which is then directed to the second machine. 

This system was first devised eight or nine years ago, and has 
been recently reintroduced in an improved and simplified form. The 
appearance of the unit is clearly shown at Fig. 21. Bolted to the rear 
of the engine crank shaft is an aluminum housing, which carries the 
electrical system. Two arms on this crank case rest on the chassis 
frame to support it. Inside of the housing is another case bdted to*a 
flange at the rear end of the crank shaft. This is the frame of the 
forward unit of transmission, which carries the field coils, and W'hich 
acts as a fly-wdieel for tlie engine. To the rear end of the stationary 
outside housing the fi(*ld frame of the rear electrical unit, which is 
intended to be stationary, is attached. The armatures of both units 
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arc carried upon a hxrp^c tul)ular shaft supported by annular ball l>ear- 
ings. The annature shaft is connected directly to the ])ropcllcr shaft, 
and when the car is standing still, the annature shaft is stationary, 
whereas w^hen running in the high speed position of the controller 
lever, it turns at practically the same speed as the engine crank shaft. 

The action may be described as follow^; When the ear is standing 
still with the engine running, the field of the forward electrical unit, 
which is called the “generator,'’ is rotated with the engine crank 
shaft to which.it is fastened while the armature remains stationary. 
At this time all electrical circuits are ojien and there is no tendency 
for the engine to drive the ear. Wh^n the controller lever is thrown 
into the first, or ^‘soft start,” position, a circuit is closed through both 
the generator and the rear unit, wliich is called the motor. The gen- 
erator then begins to ]>roducc a current, which is fed into the motor. 
At the same time there is power applied to the armature shaft ecjual 
to the engine tendency to turn the shaft in the same direction as the 
crank shaft. The current produc<‘d by tlie slip owing to the ditTerence 
in speed between generator field and armature, is being f(‘d into the 
motor, which also turns tlic shaft in the same direction as that 
produced by the magnetic clutch. In other positions of the con- 
troller up to the high speed po.<ition different arrangements of re- 
sistanees change the speed ratio between engine and propeller shaft, 
but there are no off points between the various notches, so the applica- 
tion of power to the wheels is not interrupted in changing speeds. 
When the Iiigli speed position is readied, there is no electrical connec- 
tion between the generator and -the motor. The former i.s short cir- 
cuited, and acts as an electrical or magnetic clnlch. When it is de- 
sired to secure reverse syieeds, a mechanically operated planetary re- 
verse gearing is used, which changes the direction of rotation of the 
driving pinion. Wlien the controller lever is in %ff'’ position, the 
rear unit i.s short eireiiitcd and it will act as an electrical brake, pre- 
venting the car coasting down hill faster than ten miles per hour. 
When actually applied in a car, current may he shunted from the 
generating unit to ('barge a battery, wliieh may he us(*d for lighting 
and i^ition, and the current of wliich may be directed through the 
electrical machine when it is desired to start the engine. 
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Fig. 22.— MethcK* of Operating Rear Hub Brakes Hydraulically Used on Knox TraCiOr. 
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Knox Hydraulic Brakes. — A novel method of actuating the rear 
wliecl brakes on the 191() Knox tractor is shown at Fig. 22. In- 
stead of tlie usual mechanical leverage the brakes are applied by hy- 
draulic pressure. The hand lever works a pump plunger which 
forces oil into the cylinder of a brake actuating member carried on the 
radius rods. When the applying lever is worked back and forth, it 
acts as a pump-handle, and forces liquid into the braking cvlind(‘r. 



Fig. 23. The Shairer One Man Top, an Improved Item of Automobile Equipment. 


By having a difference in size b(?tween the pump plunger and that 
actuating the ])i‘ake a great increase in pow<*r is obtain( 3 d and Aha 
])rakes may ])e a])plied witii very little exertion. W^hen it is desired 
to release the brakes, the l(‘V(n* is thrown w^ay forward, which 
opens a bypass valve whicli allows the oil to flow back into the con- 


48 




The Modern Gosoline Automohih Supplement 

tainer, relieving the pressure against the l>^ke actuating plunger. 
I'his is th(‘n drawn back by the brake release spring and forces the 
li<[ni(l out of the braking cylinder. The btakes are of the usual fric- 
tion band form. 

The One Man Top. — ordinary extensif n automobile top l^ves 
much to be desired in the way of convenience. It is difficult for one 
man to handle such a top, es])eciaHy when used on a four passenger 
car. A number of tops of recent development are built so that they 
can be handled by one man. One of these, which is showm at A and 
Jl, Fig. 23, is known as the Sharrer, and is attached to the car at only 
one point on each side, tlie same as an ordinary top is when it is 
folded. Two main bows carry the rear part of the ear wdth a short 
auxiliary bow betw^een them, which is supported from the rear main 
bow. The forw^ard extension is carried on a frame, wdiich is hinged 
near the middle of the rear section of this frame, being provided with 
a brace to tlie forw'ard j)ortion. The forward frame is supported by a 
n(‘xib1e cable on each side, wliieli extends from the rear short bow over 
two pulleys, each on the for^vard main bow, to the hinges of the for- 
ward short bow. This cable is entirely out of sight, but is what makes 
tlu» construction possible, as otherwise there w’oiikl be too much strain 
on the top fabric. It also prevents tlie frame from falling wffien the 
top is Ixfing ('xtended or folded. When the forward straps or other 
m(‘ans of attachment t(» the windshield are loosened, the top can l>e 
pushed back by one hand, the construction supporting its own weight 
all the way and is folded back neatly without further attention. 

Lighting Gas by Electric Spark. — Many automobiles are in use that 
are not equipped w ith electric lighting systems, and in w’hieh stored 
ae(‘tylene gas is employed for the lieadlights. An electric lighter which 
may be uschI to light the burners w’ithout the driver leaving the seat 
is clearly showm at Fig. 23-C. This is a type wdiieh robs the engine 
of a spark for an instant while the gas is being lighted, a push button 
on the dasli diverting the liigli tension current from a secondary wire 
io tlie sparking points in the headlights. The gas regulation is very 
simple, no automatic reduction valve being necessary. A small, high 
])ressure tube leads from the gas tank to a control valve and a regu- 
lating valve on tlie dash, the former being beside the push button to 
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open or close as desired, while the regulating valve is on the engine 
side of the clash, and is set as desired for securing the proper pres- 
sure at the burners. 

New Things in Electrical Lamps. — nesigiiers of auloniobiles liave 
not been slow in adapting the lamps used hi their electric lighting 
systems to secure various advantages in mounting or by combining 
several lamps to simi)lify installation. At Fig. 24- A, the secure 
method of attaching the headlights on the Pierce- Arrow automobile by 
having the lamp ease securely attached to the mud guard is shown, "rhe 
combination of small and high candle-power Imlbs in one lamp used 
on the Packard cars is shown at B. This is mack newssarv lKH*ause 
in some communities the law is very stringent against glare from h(»ad- 
lights. When used in a city the small lamps, which are of low candle- 
power, may be used, while the bc*adlights can be turned on wbem in the 
country. The combination of the two lamps uschI on Locomobile is 
shown at Fig. 24-D. lii this the low c*andle-])ower bulb is placed 
in the upper part of the lamp. The secure medhod of fastening the 
tail light and license plate carrier on the rear of a Packard mud 
guard is shown at C. 

The internal construction of a double bulb lamp is shown at 11. 
In this the small hull) for city work, which is tenaned the pilot bulb, 
is carri(‘d in a ^ocket at the top of the ndic^ctor in such a way that 
its rays are reflected to the ground instead of producing a glare, as 
the main hulb does, because it is at the proper focal point of the 
parabolic reflector. The pilot bulb is intended for city driving, or 
when the car is standing idle at night. A number of devices have heiUi 
introduced to reduce glare, these consisting of special reflectors, or 
special lens glasses for the front of the lamp. A simple device, which 
is shown at Fig. 24-E, consists of a rnctal shield, which fits close to 
the lower half of the headlight bulb, throwing all on the light rays'* 
against the upper half of the reflector. It is said that this makes the 
light upon the roadway more intense than when the deflector is not 
used, hut ])revents any rays from rising more than four feet from 
the ground. 

A peculiar form of glareless headlight, which is known as the 
Bofly, has been recently introdu(!ed, this being of the unconventional 
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form shown at Fig. 24-G. The amount of light available depends 
upon tlie candle-power of the bulb used. The btilb is carried at the 
lower portion of a vertical lube very little over two inches in diameter. 
The lamp is a special iiiushrooiii shape, and immediately al)ovo it is a 
j)lano-eonvcx condensing lens that collects the light. Immediately 
above this is another lens of double convex form which converges the 
light and throws it against the inclined mirror at the top, which in 
turn throws it through a projection lens, which forms the front glass. 
This compensates for the color distortion introduced by the condensing 
lens. The reason why the lamps a»e glareless is that they throw a 
very sharply defined cone of light, wdiose rays are so inclined, due to 
the angles of the mirror, that the itpper beam is parallel to the 
ground. As the light never rises above its source, which is lower than 
the height of a man’s eyes, there is no glare. 

An unconventional form of searchlight for use in the cowl dash is 
sliown at Fig. 24-F. This is knoA^nn as the *^eyc-bair’ type, owing to 
the fact that the body of the lamp is spherically formed, which per- 
mits of the projected beam being turned at will through an angle of 
about eighty degrees in both horizontal and vertical planes. The 
body of the lamp is held between two rings secured to the pressed steel 
cowl. The lamp can be used as a dirigible searchlight for reading sign- 
posts, etc., wliile, if an extension cord is provided, the lamp shell can 
be taken directly out of its socket and used to investigate trouble at 
any point on the car. This is a French invention. 

The development of the tungsten filament bulb has made it possible 
to secure very satisfactory light from ordinary dry cell current. Two 
forms of hand lanterns using dry battery current are shown at Fig. 
24, 1 and J . That at J is a simple fitting designed to be attached io 
any dry battery, having a handle by wdiich it may be carried. The 
form at I has the dry battery inserted in a suitable metal carrying 
ease, which makes a much neater arrangement. 

New Positive Drive Differential. — A new type of worm differential 
which IS of exceedingly simple design, and which has the meriforious 
feature of driving both wheels, regardless of the traction condition of 
either, has been put on the market under the name of the Walter 
positive drive differential. The differential consists of two^ pairs of 
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Fig. 2t. — A88einbl«d View of the Walter Pontive Brire DiSerentiai at A.— View 
of Ring Gear, Differential Parts and Worm Gearing. 


spiral gears mounted in a two-part housing as shown in the accom- 
panying illustration. I’hc two pairs of spiral gears mesh togetlier and 
also mesh with worms mountwl in the housing and on the drive-shaft. 
The housing is in halves which are alike except for the flange for the 
bevel gear. The two bolts which hold the housing together set one 
ahead of the other in order to bring the spiral gear pairs into direct 
mesh. 
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The worm can be driven any (1e.<ireil jiitch within tlic limits of 
]>ractico, Init in the standard design they will have a 22.5 d(‘gree lead 
angle, as this ha^ been found to be the best in practice. The construc- 
tion is not limited, liowevor, to any special spiral angle. With this 
construction, the operation will l>e as follows: The driving resistances 
of the wheel tend to rotate the spiral gears on their pins in opposite 
directions. When one wheel has a greater resistance, the inequality of 
force cannot drive the other wheel faster as the spiral gear cannot 
drive the worm on account of the relationship of the pitch angle to 
one another. The result is that both wheels arc ])osilively driven. 
When turning, the outside wheel rolls faster and so permits the ii^side 
wheel to turn correspondingly slower, giving a compensating differen- 
tial action. 

Worm gearing has been chosen because it provides strength, while 
at the same time giving a smooth and pliant action. The flexibility 
of the worm gearing is very effective in diminishing the shocks trans- 
mitted through the differential mechanism. Five advantages arc 
claimed for this type of differential. These may Ix' briefly summarized 
as follows : 1 — The car will not stall if a single whet‘l alone has trac- 
tion. 2 — The motor power is used more effectively, as both wheels 
are steadily driven, 3 — Skidding is eliminated in many cases, due 
to the steady driving of botii wheels. 4 — even pulling is secured 
on a rough road for the same reason. 5 — The wear and strain on 
tires due to an accelerated or spinning wheel recovering the road is 
eliminated, a notable advantage for ecx)nomy. 

As will 1)0 noted from the foregoing description, this differential 
is different in construction and principle from the 45-degr(‘e lypo and 
the ratchet differentials which have an overrunning action. The 
widest difference 1)(*iween the 45-degreo and this is tliat it is a positive 
drive in the first place, and, secondly, it is irreversible, whereas it is 
the nature of lo-doaj’oe gears to be jierfeclly reversilfle. The distinc- 
tioit ])etA\cen the alter differential and the rat('hot differential is two- 
fold as far as operalion is concerned. In ihe first place, it lias not an 
overrunning action, and, secondly, instead of driving the wheel of 
most resistance, the two wheels arc given equal power. 
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PREFACE TO 1915 EIllTION 

The favorable reception of this treatise by the motoring publijC 
has been gratifying, to say the least, and in presenting the fou^ ' 
edition of this work to the motoring fretemity the author wishes to 
thank those readers ami reviewers who have made suggestions 
improving or enlarging the scope of the exposition. The improve^ 
mcnts in the automobile during the two years this work has h^ki olt 
the market have been more in the nature of refinement of bodiflin^ / 
and improvement of mechanical detail than any radical change in 
principles or basic design. The most pronounced tendency iS the 
adoption of eight-cylinder V motors, such as used in aeroplanes, to 
automobile propulsion, but this is not general. The De Dion ei^t- ^ 
cylinder V motor, which is the type from which the American motors 
have been taken, is therefore illustrated in this new issue. 

While the major portion of the 1914 edition of this work remains 
unchanged, owing to the highly developed state of the art at the time 
it was prepared, it has been found desirable to include much addi- 
tional matter in this latest edition in order to keep pace with the 
progress of the industry. The entire work has been thoroughly 
revised and a number of corrections made in the text. Much supple- 
mentary matter has been added relating to ignition, the action of 
magneto generators and basic principles on which they operate, so 
this subject should be more easy of comprehension. Entirely new 
material has been written on tractors in three- and four-wheel forms, 
cyclecars and agricultural tractors or automobile plows; combination 
gasoline-electric drive, front-wheel and four-wheel drive and steer 
systems, and other important developments in power-propelled 
vehicles. The discussion of power transmission methods has been 
augmented by consideration of the skew bevel gear and two-speed 
direct drive rear axle, as well as several new forms of worm gear drive. 
The subject of electrical motor starting systems has been considered 
at length and leading systems and their components described. A 
discussion on ball and roller bearings, their maintenance andinstallo- 
tion, has also been included, and a number of other features of timely 
interest, such as latest types of gasoline and kerosene carburetors, 
cyclecar power plants, the Fischer slide valve motor, detachable wire 
wheels, etc., have been added to bring the work thoroughly up to 
date. Many new illustrations have been made to illustrate the mat- 
ter and the treatment of some of the subjects changed to some extent 
upon the advice of various educators to permit the work to be used 
to somewhat better advantage in teaching cls^es in engineering in 
various technical schools that have adopted this work exclusively as 
a text-book on elementary automobile engineering. 

Victor W. Page. 


January, 1915. 
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GENERAL INTRODUCTION 

The modern irioter car has reached that period in its deveIo|i|heBt i 
where one can jwifely say that it ]ias become perfected to such ak ex- 
tent that further imjirovemeuts must be in matters of detail only and 
not in alterations of essential components. It has been so widely 
adopted and is used in so many industrial applications that even the 
most conservative must admit the automobile has ceased to be an ex- 
periment and it is a reliable method of transportaiion that has dem- 
onstrated its worth conclusively. 

It is said that there are over 800,000 motor vehicles in use in the 
leading countries of tlie world, and the j^early output of the world^B 
manufactures is approximated at about 300,000 cars per annum. Of 
this number over 500,000 power-propelled vehicles are used in the 
United Staiet, and the yearly output of domestic producers is esti- 
mated at 190,dfto automobiles. The enormous demand existing for 
this practical conveyance has impelled the manufacture of well-devel- 
oped types of motor cars which can be sold at very moderate prices 
because they are produced in large numbers. This has resulted in 
a wide incrsnse in the number of motorists and many who formerly 
could not afford the liiglier priced automobiles have become motor 
car operators because they can maintain the moderate priced cars at 
present obtainable without too great expense. 1 

Obviously, it is not difficult to acquire a knowledge of the princi 
pies of operation or the mechanism of the conventional motor car if 
one has had mechanical training or a practical knowledge of automo- 
bile construction, and it is patent that many motorists who are driv- 
ing their own cars have but a vague understanding of the principles 
of operation of tlie mecjhanism which comprises the up-to-date auto- 
mobile. The ranks of motorists might be augmented by many who 
have the means to purchase but who believe that the maintenance 
cost would exceed that of a horse-drawn conveyance of equal capacity, 
and the natural impression which prevails that only those well versed 
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mechanically can operate motor cars successfully can be dispelled only 
s' by a better understanding of motor car construction. When one takes 
cognizance of the many vehicles successfully operated by compara- 
tively inexper’enced persons it is^apparent that operating is not diffi- 
cult, but it is the repairing and maintenance, costs that deter many 
from owning motor cars. 

There has been no lack of instruction books br elementary treatise , 
dealing wdth motor vehicle construction, maintenance or operation, 
but in these, for the most part, a common error has been made of 
assuming tiiat the reader had more or less knowledge of mechanics. It 
is evident that any work which presupposes a certain amount of train- 
ing on the part of the reader cannot be successfully employed in teach- 
ing the rudiments of any science. At tl)e other hand, pam])hlets 
which are too elementary in character cannot convey a practical w^ork- 
ing knowledge because so much is left for the motorist to learn after 
he has grasped the main principles underlying the design. Many 
business or professional men do not possess even an elementary knowl- 
edge of mechanical principles, and as this class forms the largest 
proportion of the motoring element, in defining tli% Basic principles 
of an automobile, it is necessary to use simple exposit.it>n that often- 
times appears to be elementary to the student or engineer well versed 
in the subject under discussion. .f 

Many of the works on automobile construction wffiich have been 
exceptionally valuable in the past have a materially lessened value 
because much of the matter contained therein is out of date and not 
applicable to the vehicles of the present day. In the present w^ork 
the writer will endeavor to define the essential elements of the modern 
gasoline motor car, and after explaining the basic principles upon 
which the successful use depends, it is proposed to describe actual 
forms and typical mechanisms so that their practical application and 
the relation the s^arious parts bear to eacji other can be easily under- 
stood. It is obvious that familiarity with the machinery of an auto- 
mobile will enable the operator to give intelligent attention wdiich will 
insure the longest life and minimum operating expense. 

It is believed that a systematic and logical arrangement of the 
subject will enable the reader to gain an understanding of the func- 
tions of each part and the typical groups of mechanism illustrated 
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and described should lusice for a better understanding of the various ; 
parts as they actually are in the leading automobiles. While it hal; 
been the practice in works of this character lo include a general expo-' 
sition of all typds of self-propelled* conveyances,, including gasoline;, 
steam, and electric automobiles, in the present instance, matter ' 
lating to the steam or electric motor car will not be given. The wiite’* 
will discuss only those automobiles in which the gasoline engine or 
hydro-carbon motor is uiilized as a prime mover. 

The gasoline car is now used almost universally, and the steam 
vehicle or eon^'eyalU‘e propelled by electric power has been practically 
relegated to tlie background. I'he gasoline car has such obvious 
advantages and is so economical to maintain that when a proper analy- 
sis of its good features is made, the reason for its popularity will be 
apparent. Among many of the advantages of the gasoline car may 
be mentioned lirst — the large range of choi(*e because of the number 
of types available on the market. Second — the capability of running 
long distances withoiA replenishing supplies. Third — wide dissemi- 
nation of knowledge regarding its construction. Fourth — ^no gauges 
to w'atcii and practically automatic operation. Disadvantages some- 
times cited are an occasional unpleasant exhaust, the necessity for 
physical starting of the engine (at the present time largely eliminated 
by self-starting mechanisms), and shifting change speed gearing when 
road conditions or gradients demand maximum engine power. 

l^lic Ijiteam car s(ill has a number of staunch adlierents because it 
possesses important advantages in that it has a good range of power 
which can be easily controlled, it is quiet in action, has freedom from 
vibration and simple means for control and easy restarting after a 
temporary stop. Some of tlic factors which militate against its use 
are a limited number of makes to vselect from, attention and time 
required to get tlie vehicle started after a stop of some moment, close 
attention required to steam, air, w^ater, and other indicators, and on 
cold or damp days a visible exhaust due to the condensation of the 
used steam discharged from the engine. 

The electric car has many good features, and it is widely used for 
both pleasure and business purposes wherever proper charging facili- 
ties are available. It is quiet, clean, easily started and controlled, runs 
with no appreciable vibration, and has very simple and efficient gear- 
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however, counterbalance the good points. 
Such vehicles are eicpensive to operate, owing to the great weight to 
: be driven. Tlicir touring radius is limited, the average being from 
twenty to fifty miles per charge of batteries. Other factors are the 
great weight to horse power ratio due to the use of storage batteries ; 
the time taken to recharge ; the liability of batteries to injury, a 
high initial and maintenance cost and slow speed. It is apparent 
; that its chief field of activity would be in towns or cities, delivering 
' merchandise, making professional or social calls, attending theaters, 
shopping, and other strictly urban work. Obviously, it cannot be 
used for touring purposes, b\it wliere cosj is not an all- important ele- 
ment one will find the electric automobile entirely suitable and prac- 
tical for all toun work. 

The writer believes that neither the steam nor electric automobile is 
of sufficient moment at the present time, when coin])ared to the num- 
ber of gasoline automobiles in use, to warrant an extended discussion 
of their construction or operation. In the present volume the space 
which in contemporary works is usually devoted to these types will 
be utilized in a practical discussion of items which are usually neg- 
lected, such as gas engine operation, maintenance and repair; hints 
relating to tire restoration or manipulation and an exposition of the 
latest and most suitable accessories which conduce to greater safety 
or comfort while motoring. 

The omission of the historical matter which usually prefaces a 
work of this character may be criticized as well as the elimination of 
many machine details that are commonly presented chiefly because 
of their value in showing progress made. As the science of automo- 
. bile engineering has reached that point where radical departures from 
the conventional or standard construction are not considered with 
favor, it is safe to assume that the era of standardization and stability 
of design is at hand. Many changes have been made in the past in 
basic design of vehicles or their components, and many parts formerly 
thought essential can be dispensed with. As an example of the dis- 
carding of designs which gave promise of being permanent, one may 
mention the practical elimination of the high-wheeled or buggy-type 
automobile, which are now almost entirely off the market. 

One-, two-, and three-cylinder four-cycle engines and those of the 
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compound formitr homontal cjUndtar# bave 

by the modem four and six Variical cyiindtr forms, former bea^ 
used even in the cheapest types which formerly utilized one or , twet 
cylinder power plants. Simple air-cooliog systems are seldom, wed^^ 
and angle iron or wood’^ramps which were supplied on m^y 
ure cars are now used solely on heavy commercial vehicles and prised 
steel frames are now almost universally used in pleasure ears. jHain 
bearings, used in the past in gear sets and axles, have been repliced 
by anti-friction members. Lever, tiller or rack and pinion steering 
gears are seldom used now, irreversible wheel types are employed on 
nearly all classes of cars except some electric runabouts. The single 
chain drive is seldonl seen, while the double chain system of power 
transmission which had wide application in pleasure cars has been 
succeeded by more efficient driving systems and is used only in heavy 
commercial car work by modern engineers. 

Low tension ignition and the use of batteries for electric current 
production are found only on old type cars. All modem vehicles in- 
clude mechanical generators of electricity such as the magneto, or 
dynamo. Two-cycle engines are not widely used except in marine ap- 
plications. Short stroke high-speed motors have been replaced by the 
more efficient and enduring modern moderate speed forms. Expand- 
ing band clutches which had a number of advocates in the past are 
seldom used at the present time. But few makers use planetary or 
individual clutch transmissions, and two speed gearsets are seldom 
seen except when an epicyclic change speed gear is fitted. 

The progressive sliding gear type is passe, and the friction trans- 
missions which were formerly employed in many forms are novi util- 
ized only in the simplest design on a few cars. It was formerly con- 
sidered good practice to use engines fitted with automatic speed gov- 
ernors as automobile power plants, but governed engines are now 
found mainly on motor trucks. Wick> surface, drip, bubbling, fflm or 
generator valve type carburetors or vajporizers have been entirely 
replaced by the float feed spraying type. Among some of the other 
features of construction which are in decline may be mentioned tobu- 
lar front axles, semi-elliptic rear springs or hng side sprinp and 
driving axles without torque or radius jnembers. 

On the other hand, during the past y^r there have been a numb^ 
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-of iimovations which merit detailed description because they are found 
on many automobiles of late models. Other works dealing with auto- 
mobile constmction published in the past, make no reference to these 
improvements owing to their recent development. Among these may 
be mentioned torpedo and other symmetrical body forms designed to 
overcome air resistance ; sleeve valve motors, a general adoption of the 
selective sliding gearset in the three and four speed forms, the adop- 
tion of shaft and bevel gear drive on even the heaviest pleasure vehi- 
cles, the increasing tendency to favor worm gear ])o\\'er transmission, 
the universal application of magneto ignition and development of 
electric lighting systems. 

There is also more consideration of left hand control, growing use 
of unit power plants, wider application of block motors and two bear- 
ing crank shafts, and a better appreciation of the advantages of the 
underslung chassis. The I-beam section front axle is almost univer- 
sally used, and there is marked improvement in multi})le disc clutclies, 
wider application of practical self-starters, and more general ado])tion 
of ball and idler bearings at all points. The use of long stroke 
motors, offset cylinders and automatic lubrication systems make for 
pronounced increase in autnmo])i]e efficiency. There is also an aug- 
menting tendency to place change speed gearing on the rear axle, 
toward the use of three-quarter springs for rear suspension, snpjilying 
larger wheels and tires as well as quick detacchable wheels and rims. 
Some of the foreign tendencies which may influence domestic design 
are a return to wire xvheels by some of the leading European engi- 
neers; the application of silent chains for valve operation, in change 
speed gearing and even final drive and use of front wheel brakes. 

In addition to these final improvements may he added a better 
realization of the advantages of alloy steels, a universal tendency to 
weight reduction, and increase of power to weight ratio. The floating 
rear axle has almost entirely displaced the simpler form and marked 
improvement is noti(;ed in carburetor construction owing to clianges 
in grade of fuel now supplied which impelled the development of 
multiple jet and compensating vaporizer forms. Many novel ^nd 
practical accessories have also been developed. 

In order to make this work wide in scope, not only will principles 
of construction and operation be discussed comprehensively, but many 
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examples from contempo^jry foreign and domestic prance will be 
given to amplify the subject and increase the reajder s opportunily for 
the acquirement of a practical motoring education* The illustrations 
have been carefully prepared, and for the most part the cuts detailing 
construction of the various components are reproduced or adapted 
from actual working drawings and thus are true outline representa- 
tions of the objects described. As previously stated, it is beli^ed 
that a (joncent ration of elfort in treating exclusively of vehicles 
proj^elled by internal combustion motors will make this treatise 
one of more practical value to the majority of motorists than any 
heretofore published. ^ 

The repair hints and suggestions givf3n for maintenance and 
equipment are basetl on a wide practical experience which dates since 
the inception of the industry as a designer, repairer, and operator of 
motor vehicles, and should be of exceptional value to those who have 
not had an opportunity to become familiar with automobiles but who 
can apply the experience of others to good advantage. 


The Author. 
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Modern Gasou'ne AuroMCSiik* 

CHAPTEE I 

Defining Trend of Modern IJractiic — Explaining Important Components of the 
Motor Car and Considering Functions of Each Group of Mechanism. 

Durixg the past decade gi'eat progress has been made in all 
branches of engineering and science. This is especially true in me- 
chanics, and one of the most notable achievements has been the 
advancement of tlie self-propelled vehicle from a crude and unsatis- 
factory construction to one of great refinement and practicability. In 
ten years the growth of the automobile industry stands unparalleled 
ill the industrial history of the ivorld. One familiar with the im- 
jirovement of the motor conveyance during that time and who remem- 
bers the early types marvels at the refinement of detail and the 
changes in design -which exist in the veliicles of the present day. The 
modem gasoline automobile fills every need as it is comparatively 
light, |)owerful enough for all road conditions, easily controlled and 
capable of running for thousands of miles without adjustment of the 
mechanism. It surpasses the powerful locomotive in si)eed and relia-. 
bility, and lias a radius of travel greater than any other conveyince. 

There are numerous standard principles upon which motof-car 
construction is based, and some of these differ from each other radi- 
cally, both in theory and practice. Many constructions, if looked 
at from a purely academic point of view, will appear to possess advan- 
tages which cannot be questioned, though on further consideration 
a car of apparently inferior design which does not have the same 
method of accomplishing a like object may be a better seller and a 
more popular car among motorists. 

The tendency of the motor-car designer of the present day is 
toward simplicity and increasing efficient of the mechanism. There 
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Mm- mmy rales of practice leading to tbk end generally known to 
engine^, though not accepted by all as the best methods of construe^ 
tioB "for motor vehioles. It is the writer^s purpose to review all the 
types of the' Tarjpus automobile components that have merit, and 
tiie qualities o| each design will be given as stated by those favoring 
■ it. This is not intended as a criticism, but to enable the motorist 
not informed regarding details of motor-car building to make intelli- 
gent comparison with other forms. 

"VEthin the last few years the design of automobiles has been con- 
siderably changed, and the difficulties that previously retarded devel- 
opment have been for the most part eliminated by iiiudern automobile 
ei^gineers. This gradual modification of the automobile from a crude 
mechanism to a practical product has been attained without radical 
changes that many confidently forecasted at the inception of the in- 
dustry. The essential elements of tlie motor car of to-day remain 
practically th^ same as far as basic principles of design are concerned, 
as those which formed tlie basis of the first motor car. Only the 
details have been changed and the forms which have resulted from 
the gradual process of evolution show a steady tendency toward uni- 
formity of design. 

Important Components of Modem Motor Cars. — In this era of 
progress, one would hesitate to assert that the motor car had been 
perfected or that it had reached a finality in design, though the expe- 
rience of the last few years would justify one in assuming that th# 
principles of construction now applied so successfully may reasonably 
be considered permanent. The elements which h;iye been proven 
essential to insure successful operation of all self-propelled convey- 
ances may be easily defined as follows : 

First: The endeavor of modern constructors is to make all oper- 
ating parts of such material, size, and strength, that ttie severe strains 
imposed by the rough nature of the average r6ad surface will be re- 
sisted adequately and to secure endurance and serviceitbility undejr 
alL possible conditions of operation. * 

Second: The mechanism should be as simple aS'^ is possibly to 
make it, as this promotes ease of repairingj facility* in handling, and 
lessens the liability of trouble by reducing complications. The parts 
should be in proper proportion and arranged in sifeh a manner rela- 
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tive to each other that one be removed or re^'>laced irit|ioiit dis< 

turbing other correlated Apjj]iane<i8, . - >7 

Third: The power furnished Ly the gasoline motor carried h|>the ! 
frame must be transmitted to the traction wlieefe or to (he revqjvjng ' 
shafts to which they ai<^ fastened with as little friction mid^poireF. 
loss as is possible. > 

Fourth: Tlie two driven wheels (preferably the reai* ones), must 
be connected to some form of compensating or ])aln.nce gear w&ich 
enables each wheel to revohe independently of tlie other at times 
and at different velocities, because in turning corners the outer wheel 
describes a larger arc and consequently a longer path than the inn^ 
member. Tlie differential g(*ar w'as one of the most important ele- 
ments wdiich made for the successful development of the auto- 
mobile. 

Fifth: steering should he done by the turn front wheels which 

are carried at the ends of a yoke axle wdiicli is securely fastened to the 
chassis frame by ineajis of the springs. The whc^els are carried on 
steering knuckles wdiich must he arranged to assume different angles 
when tlie vehicle is fuming corners or deviates from a straight path 
in order to secure positive steering. 

tyixih: Springs must he provided, wdiich wnll have sufficient 
strength and elasticity to neutralize vibration and allow for uneven- 
ness of the road surface hv their yielding qualities and thus reduce 
body miveinont. In order to relieve tlie machinery, running gear and 
passengers of the inevifahle vibration which obtains at even moderate 
speed on ordinary roads the wheels should be provided wdth very ; 
resilient tires, preferably of the iJneuinatic or inflated forms ^for 
pleasure cars, and cushion or solid rubber on the heavier and slower 
moving mot or, trucks. ^ 

Seventh: The gas supply to the motor, the ignition of the charge, 
and the continuation of the engine cycle of operations should be auto- 
matic and require no attention from the operator after the motor is 
once started. To secure continued operation, mechanicaL means must 
be provided for constant lubrication of all moving parts. AU com- 
ponents which have movement relative td other parts .should move 
with as little power loss by friction as piaisible, in Wder to conserve 
the available motor energy for tractive p^^c^oses. Anti-^iction'bear- 



of the hall or roller type sl^ouj^ be^ employed on all rotating 
shafts in the power plant, transmission system, and in the wheels to 
|i|tye power. 

Eighth: The center of gravity must be carried relatively low, 
iwhieh involves placing the body as close to the ground as practical 
jfeOBsiderations will permit. The wheel b^se, which is the distance 
between front and rear wheel centers, should be long, in order to 
secure the best result in tractive effort, steering, and comfortable 
riding. The power plant and other essential meclianisni should be 
carried on a frame which will be supported in such a manner that 
road shocks will not be transmitted to them and so coupled together 
that no frame distortion will produce disalignment of the driving 
phafts. 

Ninth: The control elements must be designed with a view to 
easy handling. This means that the steering gear should be irre- 
versible — i. e., the hand wheel should not be affected by side movement 
of the front wheels, thus ‘ relieving the driver’s arms of all undue 
strain while driving. Motor regulation should be by levers placed 
convenient to the driver’s hands or feet, and gear shifting should be 
accomplished without difficulty. Powerful brakes must be employed 
to insure positive check of vehicle motion whenever it is desired to 
bring the conveyance to a stop. It is evident that the levers through 
which the brakes are operated should be so proportioned that a mini- 
mum of effort on the part of the operator will serve to check the 
vehicle immediately. 

Division of Motor-Car Meehanism in Groups. — In order td deal sys- 
tematically with the subject of •motor-car constructibn, 6ne may 
divideHhe essential mechanism into groups and treat etch of these 
assemblies in detail. In order to understand the functions of the 
various parts, views of typical pleasure and commercial car chassis, 
with all components clearly indicated are presented in Figs. 1 to 7. 
These show conventional arrangements of parts in vehicles which are 
adapted to a wide range or work. Of the many elements comprising 
the automobile, the source of power is the most important. Then 
C5omes the method of power transmission, and last the various chassis 
parts which have to do with suspension, control, etc. 

By referring to illustrations, which show the construction of typi- 
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cal gasoline car citassis sp clearly, the functions of the varioas 
and their relation may bP ea^ly understood. The basis of any mor 
veyance, whether animal driwn or power propelled, is a running gear. 
This consists of a frame supported on springs which rest on the a:dies, 
which in turn carry the wheels on whkh the whole assembly can roll 
over the ground. In the horse-drawn carriage where there is /no 
necessity for a heavy or strong supporting frame, because of the l|ght 
weight of the body it is possible to attach the springs directly to^ the 
sills on which the body rests. In a motor vehicle, however, the frame 
is usually separate from the carriage w’ork, because it is often necessary 
to remove the body to gain access to some portion of the mechanism 
which may need attention. The frame of an automobile must be 
strong, because the engine and parts of the transmission system are 
installed thereon, and also because the speed possibilities of the auto- 
mobile make it hecessary that the frame be of sufficient strength to 
resist the stresses due to car movement when driven over uneven road 
surfaces. These strains are not present in other forms of conveyances. 
The locomotive which is capable of high speed and which is very 
heavy, travels on a smooth track, while ordinary horse-drawn car- 
riages are not affected materially by the roughness of the path on 
which they travel because of their low speed and light weight. In 
the frame, or chassis group, one may include the main frame, sub- 
frame, steering gear, clutch and brake pedals, hand levers for varying 
change speed gear ratios, and applying emergency brakes; the front 
axle and its steering connections, the driving axle and brakes, the 
wheels, the tires, and the springs which form a yielding connection be- 
tween the axles and the frame. 

The power plant of a gasoline automobile is composed of a imm- 
ber of distinct devices of which tJie engine proper is the most impor- 
tant, though all of them are necessary to insure practical operation. 
In order to describe power plant construction logically, it may be 
divided into six distinct assemblies, each of which may be resolve^ 
into the various parts of which they are composed. The most im- 
portant assembly is the motor ; then the gas-supply system, the igni- 
tion apparatus, the devices used for lubrication, the system of cooling, 
and the muffler assembly. 

The power transmission mechanism is the next group of impoi> 
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In this assembly one places the clutch^ the gearset, the driving 
meahs^ and, in most instances, the rear axle and traction members* 

Arrangement of Parts Varies. — In the conventional car the motor 
is usually placed at the front end of the frame, and the various aux- 
iliary devices are grouped around it. This is the modern metliod 
of power plant placing, but even now there are cars constructed in 
which a horizontal engine is placed longitudinally in the frame par- 
allel with the side members. This arrangement was formerly more 
popular than it is at present, because it permitted a simple method 
of power transmission by use of single driving cliain. In some cars 
the change speed gearing is placed in the center the frame, or 
directly back of the engine, as shown at* Fig. 1. In other cars it may 
be incorporated with the rear axle, as outlined in Fig. 2. The final 
drive to the rear wlieels may be by means of sliaft and universal joint 
connection, as sliown at Figs. 1 and 2; this being tlie common arrange- 
ment on pleasure cars ; or by means of a combination of shaft and 
chains used more often on commercial vehicles. This form of drive is 
shown at Figs. 4, 5, and 6. » The power delivered by the motor crank 
shaft is transmitted to a countershaft which is placed across the frame 
by means of a shaft, and from each end of these countershafts the 
energy is delivered to the rear wheels by chain and sprocket con- 
nection. 

There are many other variations in arrangement of parts which 
will be described in proper sequence. Tlie examples mentioned are 
given merely to show that the essential elements may be placed at 
various points in the frame without impairing their utility. The 
complete frame assembly, including power plant and c^xedusive of the 
body or other carriage work, is usually termed a chassis.^^ There is 
no marked difference between pleasure or commercial vehicle con- 
struction. The same essential elements are incorporated in both, 
though obviously the parts of a conveyance intended for industrial 
transportation are made much heavier because of the severer duties 
they perform than those employed in pleasure cars which, neverthe- 
less, may have much greater power. 

Parts of Typical Automobiles and Their Functions. — A brief expla- 
nation of the function of ^ach part of the gasoline car chassis de- 
picted at Pig. 1 will serve to afford a better understanding of the 
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construction of an autpn?obi]e. Tiie purpose cf th^ front axle xid; 
unlike that of a horse-drawn vehicle, bat it is much .different in con-'*^,4 
struction. The wheels are installed on .movable spindles, or stee^g 
knuckles, which are^^supported bj yokes perraitting one to, move ^thp 
wheels for stciering rathcjr than turning vthe entire axle w, ft 
wheel, or jack-].>oit arrangeriicnt, as in a horse-drawn Vehicle, ; 

axle is attached to the frame by spring mem^'ers w’hich allow a^c^tain,' 
degree of movement without producing corresponding motion , ol the 
frame. ' 

Tlie radiator, wdiich is placed directly over the axle in front <)f 
the motor, is employed to liold the w^ater used in keeping the engine 
cool and is an important part of the heat-radiating system. The 
starting handle is a crank by wdiieh the motor crank shaft is gi\en 
sufficient initial niove?’'ont by the operator to caiTy the engine parts 
through one or more portions of the cycle of operations, this starting 
the engine. The tiebar joins tlie arms of the steering spindles on 
wdiich tile wdieels revolve, and insures that these will swing together 
and in the same dir(‘t?tion, eitiier to the riglit or left The steering 
link, often called the ‘SI rag link,'^ connects one of the steering 
knuckles of the front axle with the steering gear. 

The motor may he one of the many forms to he described and one 
of two distinct tvjies. The dash is a wooden (wr metal partition 
placed hack of tlie power plant to separate the engine from the seating 
compartment. It is often employed to support some of the auxiliary 
apparatus necessary to motor action or some of the control elements. 
The clutch is a device o])crated by a ])edal, which permits the motor 
power to be ('OU}d(*d to the gearset and from thence to the driving 
wdieels, or iuterrujded at the will of the operator. It is used in sikrtmff 
and stojiping the car and wdienever tlie change speed gears are shifte»l. 
The acceleraior is a small pedal which actuates a \alve on the gas- 
supply device to ])ermit more explovsive mixture being fed. to the 
engine w^hen it is desired to incsease the motor speed. Its function 
is comparable to timt of the throttle of a steam engine. The pedals 
are foot-operated levers; one of which releases the clutch, the other 
applies the running bi’^dvcs. The motor control levers on the steering 
column are used in conjunction with the accelerator to vary the rota- 
tive speed. of the motor and thus regulate the energy produced in 
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p^portion to the work to be performed. The emergency brake lever 
a powerful braking effect when it is desired to stop the car 
faickly and also when one wishes to lock the brakes if car movement 
, is arrested on a down grade. The change speed lever operates the 
' sliding goring, which is utilized to produce varying ratios of velocity 
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Fig. 3. — Side Elevation of Sheffield-Simplex Six-Cylinder Chassis; a lypical 
Design of English Derivation. 


between the engine shaft and the rear wheel. The steering wheel actu- 
ates the mechanism which moves the wheels to the right or left when 
one wishes to describe the circle, turn a corner, or otherwise deviate 
from a straight line. 

The change speed gear is one of the most important elements of 
the power transmission system and in connection with the clutch it is 
much used in operating and controlling the vehicle. The function of 
the frame has been previously described. The exhaust pipe is em- 
ployed to convey the inert gases discharged from the motor cylinders 
to a device known as the muffler which is designed to reduce gas pres- 
sure by augmenting the volume and thus diminish the noise made as 
it issues to the atmosphere. The driving shaft transmits power from 
the change speed gearset to the bevel gearing in the rear axle. 

A universal joint is a positive connection which permits a certain 
degree of movement between two shafts which must be driven at tbe 
same speed. One or the other, or both, may move in a lateral or ver- 
tical plane to a limited extent without interrupting the drive or cramp- 
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ing the moving parts. The rear construction houses the diflEeren%l 
and driving gears, and tne shafts or axles which transmit the power 
to the tra<‘tion wheels. Biakes are used to retard, or stop, the move- 
ment of the wheels, and are 0 |)erated by rods which transmit the 
force the operalor applies at the b^ake pedal or hand lever to the 
brake band. 'I'onjjuo rncnilKrs are used to maintain a definite relation 
between the (lri\ing gears in the axle and tho^e iu gearset, and to 
lake the driving thrusts oif the axle and the strains imposed by brak- 
ing and driving from the springs. The principles underlying 'opera- 
tion of eacli of the parts shown and the number of ditferent ‘‘orms in 
Avhich they may exist, will be deseribed more extensively in the chap- 
ters dealing fully witli the various groups. 

Assembling Typical Chassis. — The parts which compose the mod- 
ern autonioliile and their relation to each otlier can be very easily as- 
certained and understood by even those deficient in mechanical knowl- 
edge, by consulting Figs, 8 to 13, inclusive. These show the various 
steps in assembling a typical American car, and have been prepared 
by the Locomobile Com})aiiy to sliow the ease with which their cars 
may he assenihl(‘(h or dismantled. 

At Fig. 8, A is shown the bare pressed steel frame which forms the 
basis of pra('tica11y all motor cars, before any of the other parts have 
b€*en added to it. It will he seen that it consists of two side members 
of pressed steel, these usually being a channel section. The two side 
inein])ers are joined by a series of four cross pieces. The wid6 one at 
the front end serves to support the radiator and the starting crank. 
The two wliich are jdaced a little for\vard of center in the chassis are 
utilized to sup])ort the change speed gear case. The rear cross mem- 
ber is employed <o\Ay as a bracing piece, and is reinforced fey two 
triangular gusset plates. All tlie frame members are securely joined 
togeth(*r by steel rivets. It will be noticed that the front end of the 
frame is narrower than the rear portion. This is to permit the front 
wheels to assume a more abrupt angle than would be the case if the 
frame bars were not cambered. This permits one to maneuver the 
car more easily in narrow streets because it permits one to tnm more 
briskly. 

At Fig. 8, B, several parts have been added to the frame. The 
front springs liave been attached directly under the front end, and 
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front axle has been installed and fastened to the springs by means 
of clips. The supporting springs at the back end as well as the front 
and rear shackles or hangers have also been installed. Attention is 
called to the method of supporting the rear ends of tlie rear springs 
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Fig. T.—Front View of Gasoline Pleasure Car Chassis with Section of Radiator 
Broken Away to Show Placing of Power Plant in Frame. 


by a through bar wliicli passes through the two side inembers, ser\ ing 
very effectively as an additional brace. 

The illustration at Fig. 9, C depicts the chassis after the headlight 
supporting brackets, or lamp irons, the motor or complete power plant 
and the dash have been placed in tlieir proper positions. The appear- 




Fig. 8. — Showing Typical Pressed Steel Frame whidi Forms the Foimdatioa t 
the Modem Gasoline Automobile before Pkdiig Parts of the Mechanism. 
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Fig. 9. Views Detailing Further Steps in Assembling Typical Gasoline Clr 
Chassis, Illustrating Location of Motor and Gear Box. 
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Fig. iSL— PUn View of Chassis when Radiator, Coohng Fan, and MnMer hai 
Been Put in their Proper Places. 
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Knished Chassis as it Appears After the Front Wheels, Tifhs, 
Trachra Wheels, Brake Drums, Running Boards and Finishiiig Touches 
Have Been Hade. 
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imce after the cliange speed gear box has been fastened to the two 
center cross members is shown at D. It wi^ be noted that the power 
plant is attached directly to the frame niue members by means of arms 
or lugs extending from the engine base, lliese are firmly bolted to 
the frame sides arm Jie no^or bea forms a ver} «trong member which 
serves to keep the two f^ules of the frame together. 

The views at I'ig. 10 show further steps i.i tJie process of making 
a motor car. At E, the motor fly wheel has been joined to the gear 
box by means of a cJuteli and driving coupling. At F, the rear axle 
has been bolted to the springs and the radius or distance rodj have 
been installed. 

At Fig. 11 tlie chassis begins to assume a more finished appear- 
ance. Eeferring to G, it will be seen that the gear box has been con- 
nected to the rear a.\le by means of a driving shaft which has a uni- 
versal joint at eacli end. The torque rod, which is a member designed 
to resist braking and driving torque stresses and to maintain a fixed 
distance belwH‘cn gt‘ar box and rear axle, lias been put in place. At 
H, tlie steering ])ost, on which are placed the motor control levers and 
steering wheel, has ])een fastened to the frame side member and the 
steering mechanism has lieen joined to the front axle by the drag link. 
The gear slii ft and emergency brake levers have also been placed. 

Insjiection of Fig. 12 will show the radiator and cooling fan on 
the extreme front of the frame, almost directly over the front axle, 
and that the power plant lias i»een joined to the radiator by a piece of 
rubber liose. The exhaust pi]>e and muffler have also been fitted. 

The appearance of tlie comjdcte chassis, ready to receive the body, 
is shown at Fig. hi. The parts added are clearly indicated. The 
front axle has been made complete by the addition of the wheels and 
tires. The rear construction has also been finished by supplying the 
traction wdieels, tiros, and brake drums. The brakes have been con- 
nected to the operating pedal and lever by rods; and step hangers, 
which supjiort the running boards, have been riveted to the frame 
sides. The chassis, as shown at Fig. 13, is made a finished car by the 
addition of a suitable body, gasoline tank, sheet metal under-pan to 
protect the mechanism and mud guards which extend from both ex- 
tremities of the running board to the front and rear, respectively, 
over the wheels to protect the body from mud thrown by the wheels. 



^ ‘ ^ and Bodjit Beaigli* — The reader who studies closely 

motor-scar design will ‘‘see that the bodies which are popular 
at the present time are of different form than those which were for- 
merly need. They are lower and have gradual curved sides. The 
>{)jcct of this new construction, or torpedo body, as it is called, is to 
redu(*e wind resistance and also lessen the dust-raising proclivities 
)f high i^peed automobiles. The effect of the air disturbed by a rap- 
dly anoVtng vehicle may be easily observed during the Fall when the 
veather is settled and the ground is well covered with leaves. When 

i car is driven along the road at moderate velocities a careful observer 
rill detect movement of leaves fifteen or eighteen feet away from and 

ii the side of the car. This shows that tliey have been affected by the 
arge volume of air set in motion by the car body. It is obvious that 
iry dust would be disturbed in a similar manner, and if special atten- 
tion was not directed toward reducing the air movement any motor 
jar, even if moving at moderate speeds, would leave a cloud of dust 
in its wake. 

Dust disturbance is not the most important factor, however, in 
letermining body form, but it is the resistance of the air that is taken 
into consideration because of power absorbed. The object in design- 
ing should be to reduce end on resistance area to as low a point as 
possible, because the less area one has to push througli the air, the less 
power it will take to overcome air resistance and more energy can 
be expended in driving the car. 

At Fig. 14, the front view of a typical motor car is shown with 
dimensions which indicate the approximate size. To ascertain the 
total area, one or two points require consideration. The radiator, 
which is the largest member setting at a vertical plane, cannot be con- 
sidered as offering an area that its overall dimensions would indicate. 
A large volume of air passes through it, but by no means all tlie air 
that passes between the tubes and the radiator discliarges without 
resistance. Some of it flows easily around the power plant, and some 
streams out under the floor boards, especially if these are inclined. 
’Jlltie greater part of the air which passes through the radiator must 
be deflected by the vertical dashboard which separates the motor 
compartment from the body, and the reaction due to this cause is com* 
parable to the resistance which would obtain if the radiator was prac- 



ticalljr It IS estimliied that the resistence d! ^ Mil** 
ator uiay be safely considered at aWmt h'^lf that t>< m &ow|tlaii^ 
surface of equal dimensions. ^ ** ♦. 

The resistance of the curved mud guards can be assumed to he 
that of their projected aiia^ because the usual angh of incliuatioB |i 



such that the total pressure upon their underside may be taken ar 
the same that would exist if they were not inclined appreciably. In 
addition, one may figure the area of a wind shield and tOp, and when 
all these factors are considered, the approximate end on resistance 
of the average touring car will vary from twenty to twenty-five feet 
The amount of power which will be needed to overcome this re-^ 
eiitance can be easily computed on a basiiof speed of thirty miles 
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fowet tequir^d ^ oVereom^ «Sr resisikace taries as ihe 
*- ^be of the speedy and ih^refore if the Veloci^ is doubled/ making it 
; eixty miles p^. honri the power absorbed at balf that speed will be 
' fabreased in 'yaTide eight times. The following table indicates the 
: , ^wer" a^feorbed by afr resistance at various speeds/ asstunir^ a total 
f end an aw of twenty-three square feet: 


'1 

i .■iO' . 

'H. P. Abbobsed 

M.P.H. 

B. P. Abbobsed 

.iM 

60 

21.76 

1.392 

60 

40.00 

•^P ' 

5.000 

70 

59.68 

■'i' 

11.136 

80 

89.08 

'utlia*."' ■' 


« 



^ If 4 )ne consults the table presented above it will be evident that 
^rs running at speeds of thirty miles per hour, or less, are not seri- 
. oudy aftected by air resistance, but just as soon as the speed augments 
' it will be apparent that it is very desirable to reduce the frontal area 
, directly exposed as low as possible 

^t Figs. 15 and 16, diagrams are presented to indicate the prob- 
direction of the air currents around an ordinary type fore door 
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body with square dashboard and wind shield raised to a vertical 
position. These may be compared to advaiit^ with the views shown 
at Figs. 17 and 18, which represent the saHi^ phenomena, except that 
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the car is pjroiddel with a beiter designed body and a tapenA 
and that the wind shield is €lted 'in^ad of being set vertieaL 
diagrams are very instructive, and it should Ite noted in this ^onnei^i 
tion that eddy currents would be lai^ely increased if no side d<:w% 
wore iltted to the front seats. ‘VVith a body of the stream line form. . 
the ait cuirerts are not deflected abruptly but follow ,the outline! ; 
of the curved body and do not tend to raise as muon dust or ojSCT/ 
the same resistance as that present at Figs. 17 and 18. 



Fig. iCi.^Plaii t^ew Showing Path of Air Currents Around Body of Gasoline 
' Car y^itn Bo Attempt Has Been Made to Secure Lessened Air Resistance. 

j|<i " '* 

In order to show how much resistance may be obviated by the use 
of a, stream line body, it is well to consider a typical example. Con- 
sider a car which is equipped with a seven ty-liorse-power engine and 
wlu(;h track tests have demonstrated capable of ninety miles pi hour. 
From the horse power available for overcoming the wind resiirtan<^e 
we can deduct a certain amount which will be absorbed by frietionr 
of the transmission mechanism and loss between tires and track* The 
loss duo to the driving gearing can be assumed to be twenty-five per^ 
cent, and that due to loss between tires and roadway is estimated at 
ten per cent. This will make a total loss of thirtj^-five per cent, which 
result will he sufficiently near the truth for purpose of approximation* 
TJi^ available horse power is therefore sixty-five per cent of seveniy 
horse power, or in round nunibers forfy-five horse power. It would 
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iiifl le® area one had the greater speeds possible with the 
i^aem power arailable. In order to attain a speed of ninety miles per 
lioox one oonld only have an exposed area of about eight square feet. 



^ig. 17* — Depicting Flow of Air Currents Arotmd Torpedo Body; Designed to 
Reduce Friction of Atmosphere at High Speeds. 


This would call for a stieam line foim lacing body similar in 
design to that sho'wn at Fig. 19. It 'will be seen that the aii currents 



Fig. 18. — Plan View of Vehicle Body Shown in Preceding Blustradon, ofrldcii 
Cleaidy Indicates Influence of Symmetrical Body Fonn in Promoting LoMh 
ened Air Re^stance. 
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follov the body contour rciy closely. As the bodly is tMt/L tiritli 
no openings or projections to oisturb air how, it tv ill be esidtiat that 



Fig. 19. — Outline of Exaggerated Torpedo Body T^e, Seldom Seen Except in 

Racing Cars. 


viously, a pra(*tic*al touring car cannot 1)6 designed on exactly the 
same lines as a racing veliiclo, as too much of tlie operator’s comfort 
^^ould have to be sacrificed io attain ibis end. A practical form of 
stream line body titled to a roadster chassis is sliovn at Fig. 20, while 
a fore-door, ti\e-j)assei]ger touring car is depicted in outline at Fig. 21. 



Fig* 20.— Typical Modem Roadster Chassis Fitted with Fore-Door Body^ Show* 
ing Application of Steam Line Body Form in Practice. 


Factors which Determine Power Xei|tiired.— When a motor car is 
in operation there are various forces tending to resist its motion. On 
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, le^l these are the rolling resistance at the point of contact c 
he iraction wheels and the roadway; friction in the power trans 
oission mechanism and atmospheric resistance. If the vehicle i 



Fig. 21. — ^Application of Fore-Door, Five-Passenger Touring Body to Gasoline 

Car Chassis* 


moving on a gradient there is still another faei-or to be considered, 
and this is the amount of power needed to raise tlie wcdglit of the 
car against the forc'e of gravity. Obviously when tlje car is descend- 
ing a hill the force of gravity assists the power plant instead of worlc- 
ing against it. 



Fig. 22. — ^The Coupl, a Popular Form of Closed Body Favored by Professional 

Meti* 
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The resistance of the road depends very iarjjely upon the 
of the surface, and it is aiso dependent upon the size of the wheels 
and type of tire wdth which they are nited. The second item, that 
of friction of rear axle, drive shaft, bearings and change speed g^rs," 
is comparatively low, and it is generally included with that of road 
resistance. It will be e\'irient that other factors must also be* con- 
sidered in determining power required to propel a veliicle. One must 
figure on the total weight of the car, the capacity of the body, Ind 



Fig. 23. — The Rockwell Taxicab, or Public Service Vehicle, with Convertible 
Type Body, which May be Used as Shown and which Becomes a Closed 
Car when the Top is Raised. 


the inaximnm speed it is desired to attain. ^]l of tliese factors are 
considered by tlie designer, but the usual practice is to assume an 
average set of conditions and to provide a, motor of more power than 
is absolutely needed to secure a%iargin of safety over the require- 
ments. 

Classification of Motor-Car Types. — In considering the automobile 
one may divide it into a number of distinct types. These in tarn 
belong to one of two main classifications. When cars are used for 
industrial purposes, such as hauling freight and delivering merchan- 
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iiejr $>re commonly termed commercial care, or motor trucks. If 
the automobile is used solely for transporting people such as in tour- 
ing, or even for business purposes, it is termed a pleasure car, though 
the line of demarcation between one class and the other is sometimes 
difficult to define. 

Th^re is no great difference in construction of the essential ele- 
ments of either form. One chassis may be fitted with many different 
bo4y types, some of which may be specially designed for commercial use 
wliile others may be intended solely for personal transportation. The 



Fig. 24. — One-and-one-half Ton Capacity White Truck; a Conventional Example 
of American Commercial Car Having Power Plant Located Under the Hood, 
as in Pleasure Car Practice. 


chassis of the vehicle contrived solely for use in conveying merchan- 
dise is built heavier and stronger than one built only to carry pas^ 
sengers, and there are certain modifications in detail. The princi- 
ples of operation of the essential elements such as power plant, con- 
trol systems, driving means, axle construction, etc., are the same, and 
no attempt will be made to differentiate between the types except in 
cases where the construction differs radically from accepted or general 
practice. 

As an example of the difficulty in isolating the types a form 
which may belong to either classification is shown at Fig. 23. If 
used as a town car for social calls, shopping, etc., it might be classed 
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projpeTlj as a pleasure cur, whereas if employed as a 

vehicle, or taxicab for hire, it belongs to the other chsaiSeation. The 



Fig. 25. — ^Front and Rear Elevation of Special Sampson Truck, Designed for 
United States Army Service. 



Fig. 26. — Side View of Sampson Army f^pe Ttanapmrt Wagon. 
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tniek shown at Fig. 24 is a gwd example of the way pleasure car prac- 
tice may be altered for commercial purposes. The parts are strength- 



Fig. 27. — Showing Typical American Motor Truck Design in which Power Plant 
is Placed Under Operator’s Feet, thus Providing More Carrying Space for 
Body without Lengthening Wheel Base. 


cned, but the general design as regards disposilion of the parts of the 
mechanism is very similar to that which obtains in reprosentntive 



Fig. 28. — Motor Truck Chassis Fitted with Special Body for Fire Department 
Service; a New Field to which the Gasoline Motor is Particularly Well 
Adapted. 





Fig. 29. — Showing Different Body Forms Fitted to Same Chassis Type. 
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Fig. 30. — Light Motor Truck Chassis which Follows Typical Pleasure Vehicle 
]>e8ign Except in Size of Parts. The Frame and Rtuining Gear are Heavier 
and Stronger to Compensate lor the Greater Load-Carrying Capacity. 
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pleasure cars. Figs. 26 to 28 inclusive, depict vdiicles which have bee^ 
designed for special industrial requirementa and can he placed in the^: 
commercial car class without hesitation, because the bodies fitted and . 
the general design or arrangement of components does not permil 
their use for any purpose other than tnat for which they were 00 ^ 
trived. All tlic body forms i?Iiowii at Fig. 29 are applied to th# same 4 
type chassis, and it is very common practice to design the r^ning | 
gear and frame so it may be adapted to a wide range of work ifithput 
changing location of the mechanical parts. 



Fig. 30a. — Typical Modem Touring Car with Stream Line Body and DetachaUe 

Wire Wheels. 

Utility of Three-Wheel Tractor. — ^The Knox-Martin Tractor, 
which is sliown at Fig. 30?;, dctaclied and attached to a steam 
pumping engine at Fig. 30c, is really a mechanical horse,fan so 
far as its metliod of application is concerned. The tractor fhas a 
number of advantages for lire department work as well as in tho 
commercial aj)plications, and it has been thoroughly tested out in 
connection with all ty})es of apparatus. Before considering the appli- 
cation of the tractor in fire department work, it will be well to 
enumerate some of its principal advantages, as follows : 

First — Ease of attachment to any present horse-drawn type of 
apparatus, thus saving the latter from the scrap heap or sale at 
sacrifice prices in order to effect motorization. 






Fig. 30b.— The Knox-Martin Tractor, a Mechanical Substitute for the Ho>«. 
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Second— Low first cost compared with a complete motor 

outfit to do the same work. 

Third — The factor of interchangeability is an important one. 
The tractor can be readily attached to ary vehicle at the fifth wh^el 
or turntable by means ot an ordinary king pin in a very few min- 
utes^ time. In small cities this is a distinct advantage, as one tractor 
can be made to serve several pieces of ajiparatns. Suppose, for 
instance, tliat after the fire engine had been taken to the scene of 
the fire and it was decided that a water tower would be needed to 
facilitate extinguishing the blaze, the front portion of the pumping 
engine could be jacked up without interfering with its operation 
and tlie tractor can go back to get the water tower, which is needed 
so seldom in the average small town or city that it would not be 
necessary or profitable to provide a separate tractor for this piece of 
apparatus alone. Another advantage of interchangeability is that 
the use of the tractor does not alter the piece of apparatus appre- 
ciably,' and if for any reason the tractor is incapacitated, horses may 
be u«cd io draw the aiijiaratiis. 

Fourtli — The tractor can haul a considerably heavier load with 
the same amount of power than where the power plant forms an 
integral part of the jiiece of apparatus. The flexible rear springs 
of the tracdor absorb tlie driving and braking reaction and permit 
the starting of heavy loads on grades or the positive control of the 
ajiparatus when descending hills without damage to the essential 
parts of either the ap])aratus or the tractor. As an example of the 
hauling power of the tractor, comparison may be made with the 
pack mule, which is able to carry one-third of its weight on its Jback, 
whereas the same mule will draw four times its weight without exert- 
ing itself any more than when carrying one-twelftli of that load. 
The tractor does not push or carry all its load, as is true of the con- 
ventional truck const ruction. Therefore it is claimed by those 
favoring this doviee that the work of either the animal or the usual 
form of motor truck may be accomplished at considerably less cost 
per ton mile. 

It is generally conceded that horse-drawn vehicles are a develop- 
ment of many years, and animal-drawn fire apparatus has reached a 
state of proven commercial reliability.- ’I’he expense of maiptehanee 
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a|)p^ratu3 wm never due to the apparatus itself, because the 
I SHt cost of the wagon and equipment is low and the upkeep cost 
almost nothing. The expense and trouble of iiiaintenance was with 
the animal power necessary to inove tlio vehicle. Tlie first cost of 
horses and the expense oi keeping them are increasing, while the 
etScionev of the horse as a draft animaJ has remained the same. In 
fire department or commercial woik the lior«5o is \cry slow in com- 



Fig. 30C.-TWO Methods of Applying the Knox-Martin Tractor to Conventional 
Types of Horse-Drawn Fire Apparatus. 


paneon with meehanka] power, so that when a tractor is attached 
to a horse-drawn vehicle the proven reliability of that piece of anna- 
ratos js retained, witli the added advantage obtained by the us» of 
the gasoline motor power. 

The only three-wheel tractor on the market at the present time 
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is made by the Knox AutoiuoDile Company, under tlie 
As will be seen by referring to the lower illustration in 
where the traotor is attached to a steam pumping engine, this motor 
unit may be joined to any heavy vehicle that is d^^signed to be drawn 
by horses, the '^oinbinafion making a five-wheeled motor-draiiii vehicle. 
The tractor is easily attachcfl, there being several po siblc methods^ 
The simplest way, and one used when the tractor is to be employ^ 
for several pieces of appaiatus or wagons, is to mount a tumlable or 
fifth wheel on tlje tractor rear axle that will fit the corresponding 
member at the front end of the horse-drawn apparatus. The tractor 



Fig.SOd. — ^How the Three-Wheel Tractor is Utilized in Connectioii with Heavily 
Loaded Wagon Bodies. 


may be easily attaclied by means of the usual king bolt, and in this 
case the rear axle of the tractor replaces the front axle of the horse-, 
drawn vehicle. Another method is to bolt the front springs of the 
trailing vehicle directly to the tractor rear axle. 

Advantages in Three- Wheel Construction. — ^The three-wheel con- 
struction offers a number of important advantages. In the first plac% 
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i'Dflriag to the three-point support, the tractor can accommodate itself to 
all road unevenness, and frame twist and stresses on power plant or 
driving mechanism resulting from it are greatly reduced. The 
tractor springs are not depended on to carry any of the weight of 
the trailing vehicle, owing to load being upheld by axle (see Pig. 
30d)y so very resilient springs may be provided, and tlie shocks which 
the machinery of the ordinary truck gets every time the appa- 
ratus starts, stops, or goes over a crossing or drops in a depression 
in the road surface are completely absorbed by the springs which sup- 



Fig. 30e. — Demonstratuig how the Three-Wheel Tractor with Hook and Ladder 
Attached Can Turn in a Narrow Street. * 


port the tractor frame at the rear. The three-wheel construction 
offers another important advantage, inasmuch as it makes for easy 
control of the apparatus. The single front wheel may be turned at 
an angle of 80 degrees with the frame side member and the tractor 
frame (which in this case takes the place of tlie tongue or pole of the 
wagon) swings to the right or left, just as the wagon tongue would 
be moved by a pair of horses. This enables the apparatus to be 
turned completely around in less than its own length, and it can be 
handled in a narrow street, as shown at Fig. 30e. If the ordinary 
automobile construction was followed, in which a stationary axle is 




Fig. SOf.— ‘How One Tractor may be made to Serve a Number of Wagon Bodies. 
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^iikjployed at tlie front eii4, witib. the wheels mounted on steermg* 
knuckles or pivots, it would he very difficult to turn in a narrow 
street or back the wagon to a given* point successfully. 

in other respects the tractor does not differ from the usual four- 
wheel automobile. The arrangement of the power plant, change 
speed gearing, and driving mechanism is very similar to that of the 
usual motor truck employing a double reduction side-chain drive. 
The motor is carried hajck of the front wheel steering head at the 
forward end of the frame and drives the rear wheels through the 



Fig. son.— Application of the Hoadley System Two-Wheel Drive and Steer Tractor 

to Heavy Low Gear* 

medium of a change speed gearset, which in turn delivers the power 
to a countershaft carried by the frame side members forward of the 
rear axle. The drive to the rear wheel sprockets from the counter- 
shaft is by roller chains. The method of control, power application, 
etc., is the same as in any motor truck. 

The application of the three-wheel tractor to the work of hauling 
heavy loads in a commercial manner is clearly indicated at Fig. 30/. 
At the top view the tractor is shown attached to a load of lumber, 
while at the bottom the method of detaching the tractor and sending 
it for another load while the trailer is being unloaded is shown.* It 
is merely necessary to fit the trailer with a pair of supporting jacks 
at the forward end so that it may be raised clear of the fifth wheel 
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on the Tear axle of the tractor, tJsing the tractor in this manner 
makes it possible to utilize one of these mechanicul Imrses to hatd 
various trailers, and there need Ije no loss of time as far as the motive 
power is concerned while unloading the trailer. 



Other forms of tractors have been devised for hauling very heavy 
loads in which four driving wheels are employed to secure better 
traction. As a general rule the four-wheel drive tractors are of the 
gasoline-electric ty])e and all four wheels combine directive and 
tractive functions, as tlie electric motor imparting power to the wheel 
is lioused in its interior. The four wheels are mounted on steering 
knuckles, so they may be turned to any desired angle for steering, 
A tractor of tliis form is shown at Fig. ZOg, and is of the Cfuple- 
Gear type. The power is generated by a four-cylinder gasoline iaot )r 
which drives a dynamo, and the current from this dynamo is directed 
through a suitable controller to the motors in the four wheels. This 
system of drive is specially well adapted to moving very heavy loads, 
and the adaptability of the Couple-Gear tractor in hauling an ex- 
tremely large and heavy coal wagon is clearly depicted. A full 
description of this method of drive will be found in the chapter on 
Power Transmission. 

Two-Wheel and Four-Wheel Drive Trucks.— Trucks have been 
devised in which the power is applied toectly to the front wheels. 
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Fig. 30i.— The Jeffery Four-Wheel Drive and Steer Motor Truck Chassis. 
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■whicli aTe also nsed for steering. The Hoadley system two-wheel 
tractor is shown at Fig. 307i, attached tc a low gear and dtoon- 
straios clearly the advantage of thifs method of drive Tinder condi- 
tions where tiie usual system of automobile construction could not 
be carried out because o^' the low carrying platiorni. The front 
wlieels may be turned at an angle for steering and receive power 
from electric motors, one l)eing attached to each wheel. As is true 
of the fbui)le-Oe.ar system, the lloadley tractor uses a gasoline engine 
to generate electricity and uses the electric current to drive the trac- 
tion members. 

The J(‘fTery four-wheel drive truck chassis is shown at Fig. SOL 
Tliis is a straiglit mcclianieal drive construction and the four wheels 
are adajited to l)o driven by gearing, as well as swung around at the 
angle necessary fur steering when desired. It is claimed that the 
four-whe(d drive system of construction makes for better load dis- 
trihiiiion on the iraine, springs and axles, and that superior traction 
is obtained hy the use of four driving members. Adherents of this ‘ 
construction contend that ilio four-wheel drive principle will enable 
a ])ower-])rop('llod vcliicle to secure traction on any road or any other 
conditions of (iporation where animal-drawn vehicles can be used. 
Both the front-wheel and four-wheel drive are fully described in 
proj)cr secjuenc'e. 

Light Cars and Cyclecars. — Consideral)le interest obtains at the 
present time in a new form of motor vehicle, known as the cycle- 
car.'' These small veliicles arc of two general types, both of which 
will, undoubtedly, receive wide a])j)lication. Some of the vehicles 
that are termed cyclecars,’’ as shown at Fig. 30;, are in reality 
miniature automobiles and do not conform to the precise definition 
generally ac(‘Oj)ted for cyclecars. While engineers and designers 
disagree ui)on the cliaracteristics of the new vehicle, it is generally 
believed tliat the term cvclecar” should be applied to light four- 
wheeled vehicles using motorcycle parts in their construction. 

The cyclccar has received considerable attention al)road, and it is 
claimed tliat it is made in reasonably large quantities in both 
England and France. Cars of the miniature automobile type as 
shown at Fig. 30/, are not likely to be as popular in America as^he 
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Fig. 30j. — ^Forms of Light Cars that may be Included in the Cyclecat CU 
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feimpler or less expensive cycleear forms will be- Thqr catmot be Iteilt 
as cheaply as a certain light car that is prodnced in very large fttan- 
titles in this country and which gives exceptional service. The car 
shown at A is the baby ^ugeot and is a French uesign employing a 
four-cylinder water-cooled motor of about 10-12 H. P., a sliding 
gear transmission and shaft dri^c to a live rear axle. In all respects 
it follows automobile practito. The form outlined at B is an Eng- 
lish design known as tJie Tlumborette/’ This employs a two-cylinder 
air- or water-cooled motor. It uses a geared transm:s«ion and also 
has shaft drive to a live roar a\le. The form depicted at C is the 
Auto-Carrier’s four-cjlmder model and is an English design pat- 
terned more after the automobile than the motorcycle. 

As an example of the method of construction followed by the 
designers of miniature automobiles, the chassis of the Marlborough 
small oar is depicted in both plan and side elevation at Fig. 30fe. 
As will be seen, the general design follows regular automobile prac- 
tice very closely, starting with the four-cylinder water-cooled block 
motor at the front end and the flywheel clutch, sliding gearset, and 
shaft drive to a li\e rear axle. That it is a miniature car, however, 
is apparent if one considers that the motor is rated at about 12 H P. 
and iliat the tread but 3G inches. The frame is \ery narrow and is 
arranged so the two passengers are carried tandem fashion, with 
the driver in the front seat. The only respect in which a chassis of 
this form may be considered as following motorcycle practice is in 
file use of wire wheels, small tires, and motorcycle type mud-guards. 
In all other rc'^pocts it is a miniature motor car and will cost as 
much to build, if it is not actually more expensive in construction 
than the popular American runabout. 

The original cyclecar was designed to take the place of the motor- 
cycle and sidecar combinalion that has been very popular in Europe, 
even more so than in this country. This is shown at the top of Fig. 
307, is known as the ^^Bedelia,” and a model was built by M. Bar- 
beau, of Paris, France, as early as 1910. This was a very small 
automobile driven by a motorcycle power plant. Its weight was less 
than 400 pounds and it had a tread of 36 inches. The wheel-base 
was 100 inches, and as it was very low, the passengers were carried 
very comfortably. It was made to accommodate two persons, the 
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being seated in front, while the driver sits over the rear 
axle. On the modern forms the twin-cylinder niotorcyclo engine of 
about eight H. P. is placed just behind the front axle and drives a 
countershaft which is crosswise of the chassis under tiie passengers 
seat by a roller chain. Pulleys of the motorcy(*le tv])e suitable to 
take the regular V belt are attached to the ends of the countershaft, 
and these impart motion to the large belt pulleys on the rear wheels 
by means of motorcycle belts. 

An ingenious clutch action is obtained by drawing tlie rear axle 
forward when it is desired to stop the car, as this makes tlio belt run 
loose and enables the motor to turn without driving tlie wheels. A 
further movement of the hand lever brings tlie ren^* axle forward far 
enough so the belt pulleys engage fixed brake blocks or shoes which 
arrest motion of the wheels. The steering is by means of a wire- 
spoke hand wheel whieli turns the whole front axle through a drum 
on the steering shaft and a steel cable connection through pulleys. 
The axle is hung at a central point in a steering head very similar 
to that of the bicycle. . 

The first public appearance of the car was in a road raf*c over a 
course one hundred and thirty-eight miles long, and tliis small vehicle 
surprised the pulilic, and. more so its inventor, by averaging thirty- 
eight miles an hour the entire distance. The same car attained a speed 
of fifty- five miles per hour on a track. This resulted in a large demand 
for these cyclecars and induced many manufacturers to enter the field. 

The De Cross cyclccar, which is shown at Fig. 30/, an Amer- 
ican design patterned largely after the Bedelia. The ].,ester is a 
light English design adapted for but one passenger and is a true 
cyclecar in all respects, as the motor is an air-cooled tyj)e and the 
drive to the rear wheels is by means of motorcycle belts. 

The first Bedelia typo cars built in England were patterned very 
largely after the original design, but very soon the demand was for 
more artistic body designs and more luxury, so that at the present 
time many of the vehicles produced in England that are called cyqle- 
cars are really small automobiles that sell for as high as $1,000, 
although they still retain the narrow tread, which is considered a 
feature of decided advantage, inasmuch as it permits the cyclccar to 
be housed in a small shed and avoids the necessity of special full-size 




Fig. 301.— Representative Types of True Cyclecars. 

garage facilities. It is claimed that the 36-inch tread construction 
is not suitable for American roads because it will not track with other 
vehicles which use the standard tread of 56 inches. It is, of course, 
admitted that the main highways of Continental Europe and of 
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1 h«v^ exceptionally good road enrface^. In France, however, 

/vWbere the first cyclecars were produced, there are plenty of byways 
with ruts worn by traffic which, while perhaps not as bad as the 
majority of country roads in America, offered ample opportunity to 
test the practicability of the narrow-tread cyclecar. As there has 
been no change in the tread of the Bedelia in three or four years, 
and as the narrow tread has been continued by other French and 
designers, it is apparent that the narrow tread gave satis- 
fadtory ec^ice. The usual width of the road ruts in America is 7 or 
8 inches and they are 56 inches apart, which means that there is 
approximately a space of 42 inches between the wheel tracks, which 
should be ample to allow a vehicle of 36-inch tread to pass between 
them. 

The true cyclecar offers a number of features that will enable it 
to fill a distinct field that cannot be catered to by the builders of 
either low-priced automobiles or motorcycles. In the cyclecar there 
is a lack of complication in the mechanism, a low center of gravity 
making for stability is obtained, a streamline body construction, 
especially in the tandem seating arrangement, is possible which 
reduces wind resistance to a piinimum, and owing to the lightness of 
the vehicle a small engine may be employed that will use very little 
gasoline and lubricating oil, and the small motorcycle tires that can 
be used will reduce tire cost materially. While at the present time 
there are no reliable statistics regarding the cost of maintenance in 
this country, if one reasons from experience with a motorcycle and 
sidecar combination, it is possible to arrive at the conclusion that 
two persons can travel over average highways at a total cost for fuel 
and tires of not more than two cents per mile, whereas it would cost 
at least three times this sum to cover the same distance with the 
lightest form of miniature motor car. Several designs are being pro- 
duced at the present time in this country that will sell at prices 
ranging from $350 to $450, and it would seem reasonable to assume 
that many people could afford to purchase a cyclecar who would not 
be interested in a small automobile on account of its higher initial 
cost and greater maintenance expense, and yet who would not faVbr 
the motorcycle or sidecar combination at the same cost on account of 
the superior protection and easier control of the cyclecar. 
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Fig. 80m.— Side HeviMioii of Pilot Light Car Chassis, an English Design Employing Fiictitm Disc Drive. 
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.The chak$is of t simple form of Eaglifeli cyclccarMn whic’i a 
i>, frictioa-disc transihifesion is employed to obtain the various speed 
ration and whidi derives its power from a small four-cylinder motor, 
is clearly showm at Fig. 30m. This chassis is more on the light-car 
otdeT Bud CBn be compared to the true cyclecar form at Fig. * 10 //, 
to enable tlw reader to make comparisons between the two methods 
' of construction. It wall be observed that the cha^sis eonstmetion 
outlined at Fig. 30?i is a foiirwlieel motor \ehiclo reduced to its 
Bimplcsi form. The engine, which is an air-cooled motorcycle type 
ha\ing two cylinders set at an angle, is secured at the front end, 
where it will get ample cooling, and is located immediately under 
the torpedo-sha])ed gasoline tank. The.Avire wheels are carried by 
miniature steering knuckles attaelied to a light tulmlar front axle. 
The spring suspension at the front end is by quarter elliptic leaf 
springs whieh combine the duties of a resilient supjmrl for the frame 
as well as distanee or radius rods for tlie axle. Tlie wood frame is 
extended to tlie rear, where it taj)ers to a point, and in most cycle- 
cars it is made of asli. The dri\e from the sprocket on the engine 
crankshaft is by a motorcycle roller chain to a larger sprocket on 
the countershaft. At each side of the countershaft Y Ijelt pulleys 
are mounted which drive the rear wheels through leather l)elts. In 
the simple form sliown the clutrliing action is olitainod ly sliding 
the axle back to tighten the driving belt and produce forward motion, 
wliile it is pushed forward to loosen the belt and obtain a free engine 
action by the belt slipjiing over tJie pulleys. The siuij)le arrange- 
ment shown is varied in other constructions by placing the power 
plants crosswise of the frame and utilizing a friction-disc transmis- 
sion, as shown at Fig. 3()m, to obtain tlic varying speed ratios. Jn 
such a case the movable friction wheel wull lie mo\e(l liack and forth on 
the countershaft to obtain different speed ratios, wliile the friction 
disc will 1)6 pulled out of contact with tlie friction wheel when it is 
desired to interrupt the drive to the rear wdieels. 

It is generally Ixlieved that tlie tandem seating arrangement is 
superior on account of the lessened air resistance, and it will pro- 
vide greater speed than the side-by-side seating so widely used* in 
automobile practice. The arrangement of the tandem seats is clearly 




Fig. 80n.~Clia8si8 of Simple Cyclecar Type Showing Location of Components and Edatiea 
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in of the eyclecars at "Tig. 301, though in this country 
' the arrangement is usually varied so the driver occupies the front 
seat instead of the rear one, as is the case in the Bedelia design. 
An ingenious arrangement to provide side-by-side seating without 
unduly increasing the width of the body is shown at Fig. 30o. 
The Beat for the passenger is placed somewhat in the rear of the 
driver’s seat and the body can be narrower than if the seats were on 
the aame plane. 

Alfrioultural Automobiles or Gas Tractors. — During the past 
decade there has been important advances made in the application of 



Fig. 30o. — ^Plan View of the Falcon Cyclecar Showing Staggered Arrangement 

of Seats. 


gas power to agricultural puri^oses, and now practically afl farms of 
any size in the United States or Canada are tilled by plows drawn 
by mechanical power and the crops threshed by the same means. 
These large machines are really automobiles and in many respects fol- 
low automobile designs, especially as relates to power generation and 
transmission, though on a much larger scale. A few paragraphs out- 
lining the requirements of the ideal tractor and a consideration of 
several types that follow automobile practice will enable one to form 
an intelligent idea of the main features of a well-developed modifi- 
cation of the commercial type of automobile. 

The requirements of the ideal tractor can be summed up as fol- 
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lows: First, it should ha^^e uniTersal adaptability, in order to b# 
able to accomplish all kinds of belt or dta'^^bar work^ as it is oisdy by 
having a machine that is applicable to a large variety of tasks that 
one can justify tlie investment needed to purchase a practical machine. 
It should be capable of operating every machine on the farm that 
requires power. 

Second, it should have correct weight for the work it is to dc 
and the proper arrangement of components. A logical distribution 
of weight is necessary to insure proper traction. If thr> machine is 
too heavy it will pack the soil and much power will be consumed in 
moving tlie huge mass over the ground. The factor of weight is 
especially noticeable when climbing grades. If the tractor is too 
light, it will not have adequate adhesion with the ground and much 
power will he lost in slipping between the driving wheels and the 
ground. The weight should be distributed so the greater part of it 
will come over the rear wheels, as in most constructions these are 
called upon to do the driving. 

Third, there should he a large contact area between the traction 
members and the ground in order to avoid loss of power, packing of 
soil, and slipping. It sliould be provided with change speed gearing 
that will provide at least two forward speeds and a reverse motion. 
The drive from the power plant to the rear wheels should be positive 
and designed so that there will be minimum loss of energy through 
friction in gearing. 

Fourth, it should he of consistent design for the work it is to do, 
built of the best materials that can be obtained within reasonable 
limits and incorporate in the construction strength without exc^ive 
weight. The entire mechanism, including the power plant, shoric 
be simple, because lack of complication is practical insurance agaiin^t 
mechanical trouble. 

Fifth, it should be easy to start and the control elements should 
be designed so the tractor can be directed without undue expenditure 
of energy. The simpler the control members, the easier the average 
farmhand will find it to handle the machine. The construction should 
be such that an automatic steering attachment can be used in cer- 
tain classes of work, such as plowing, so the engineer may ievote 
part of his time to manipulating the plowshares. 
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Fig. 30p.““The Aveiy Farm Truck which is Designed for Carrying Loads or for Use as a Tractor in 

Farm Machinery. 
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Sixth, it is desirable that the engine be capable of operating on 
any ]i<}nid fuel, especially the cheaper and irore plentiful dMillates 
of petroleum. ' 

Tljere are a number of tractors oirercd at the present day that 
meet all of the above requirements. The construction is good, both 
from an engineering and practical point of view. The iii acliines are 
Bconomical to maintain ai^d operate, and in many cases, especially in 
oower plant and driving mechanism design, useful lessons have been 
drawn from current automobile praciice. It is safe to say that the 
tractors which more nearly incorporate the good features and ideal 
requirements are those which follow, in a modified form, some of 
the rules of practice established by automobile designers. In essen- 
tial elements the automobile and tractor are similar. It is merely 
in detail arrangement of parts that they vary. 

A tractor that has been well received by many farmers is built 
on the order of the motor truck used in cities for hauling merchan- 
dise. It will carry a load of three tons in tlic wagcn bed with which 
it is jwovidcd and has a pulley for driving stationary machines. A 
drawbar is provided for pulling plows and other machines requir- 
ing draft. The weight of this truck is carried on four wheels, there- 
fore wlien used for plowing, ballast must be put over the driving 
wlieels in order to provide proper traction. As the machine is spring 
mounted and adapted to speeds from two to fifteen miles per hour, 
it can be used for a wide variety of work. Instead of using rubber 
tires as the ordinary motor truck does, the wheels are provided with 
wooden plugs to adapt the tractor to hard roads. Traction on soft 
ground is ])rovided by an extension rim with a number of mud lugs 
attached, winch is so fastened to the wlieel that these automatically 
gi’ip the soil wlien the wlieels sink to a certain depth. It is also pos- 
sible to move a hand lever on each driving wheel which causes a 
series of sharp spikes to project beyond the periphery of the wheel 
to increase traction when desired. 

A machine of this nature is shown at Fig. 30p, which clearly 
outlines the general construction. As will be seen, in general form 
it does not differ radically from the usual type of motor truck. As 
It is provided with a wagon bed, it will haul grain, hay, stock, coal. 




Fig. 30q. — Side Elevation of the Hackney Auto Plow. 
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lumber^ milk, fruit, vegetables and other kinds of merchandise. It 
has sufficient tractive power to pull three 14-inch plows and a har- 
roAv in ordinary stubble plowing and will complete an acre an 
hour. It will pull two disks, two spike iiarrows, two seeders, two 
binders, corn p] 'inters, a road grader^ a train of loaded wagons, or 
any other machinery. It has a draft equal to ten hesefe. This gen^ 
eral purpose machine, iliorefore, is ideal for the small or medium- 
sized farm, as it will not only liaul loads of all kinds on its own body, 
but will do field work and serve as a portable belt-power plant when 
desired. 

Automobile Plow. — A form of automobile which has been designed 
especially for agricultural use is depicted at Fig. 30 q. This is a 
self-contained automobile plow having three shares carried un- 
dernoath the frame. The front wheels are employed for traction 
and are driven from sprockets on the countershaft by means of 
roller chains. The motor is carried at the front of the machine and 
is mounted directly over the front axle. It drives a transmission 
gear qarried on the countershaft and is controlled just the same as 
the regular form of automobile motors by control levers attached 
to the steering 'wheel, which regulate the motor speed by varying the 
time of ignition and amount of gas supplied the cylinders. A single 
rear wlieel is carried at the back end of the frame and is adapted to 
be moved by steering ropes controlled by the hand wheel. This rear 
wheel is depended on for steering, wliereas the front members are 
employed only for traction. It is claimed that when the plow- 
shares dig into the ground the traction members have sufficient ad- 
hesion to draw them through the most resisting soils. 

Other forms of tractors have received very wide application in 
our middle West that follow automobile construction to some ex- 
tent, as far as i)Owcr plant location, method of power transmission, 
speed changing, etc., are concerned, though the large size of the 
driving wheels and the massive construction of the frame, power 
plant, etc., resembles more the design of the steam road rollers 
we are all familiar with, rather than hanng the appearance usually 
associated with the conventional automobile. 



CHAPTER II 


How Power is Generated — Two- and Four-Cycle Engine Action — Features of 
Sleeve Valve Motor — ^Principal Engine Types Described — One- and Two- 
Cylinder Engines — ^Advantages of Four- and Six-Cylinder Forms — Power 
Plant Location. 

It has been previously stated that the gasoline automobile may 
be divided into groups and that these various assemblies all have 
their important work to do and that each depend, to some extent, 
upon the correct action of the others to insure a smooth working 
motor* ear. The most important, and the least understood, element 
is the power plant, and it is important that the prospective motorist 
familiarizes himself with the principles of gasoline ciigiiu* operation 
in order to easily locate troubles and derangements which interfere 
with correct action. If the operator is familiar with the basic prin- 
ciples of interna] combustion engine action it wdll not be difiicult to 
apply this knowledgie to all forms of gasoline motors used as automo- 
bile power plants. 

Forms of Engines Commonly Used. — If one raises the hood at the 
front of a motor car, one wall find a complete engine assemhly very 
much the same as that depicted at Fig. 31, which outlines a con- 
ventional engine with the various auxiliary parts letterecl^ so that one 
can obtain an idea of their location relative to each other. 

Of the external parts shown the carburetor is emi-doyed to mix the 
gasoline used as fuel with a certain amount of air in order to form 
a gas that can be ignited in the engine cylinders. This explosive 
mixture is supplied to the cylinders by a conductor known as the 
inlet pipe. Tlie spark plugs and magneto form part of the ignition 
outfit. The engine shown is a four-cylinder form and operates on 
fhe four-cycle principle. A'arious forms of engines have been applied 
to automobile propulsion, and of the large number of difierenf types 
the majority operate on the four-stroke principle, though the two- 
stroke types are simpler. In the latter there is an explosion in each 
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cylinder every turn of the crank ‘^haft, while the ocher method pro- 
vides but one power impulse per cylinder ev?ry two turns of the re- 
volving elements. Though the four-stroke motor is more complicated 
in construction tlian the other it is the easiest to understand. All in- 
ternal combustion motors, usually termed gasoline engines "’ because 
of the use of tliis liquid fuel, are forms of heat motors owing to the 



Fig. 31. — Typical Motor-Car Power Plant, Showing External Appearance and 
Location of Important Aiudliary Mechanisms. 


energy being produced by the rapid burning, or combustion, of a gas 
which expands after it is exploded and produces pressure that is 
transformed into mechanical power by simple mechanism. In defin- 
ing the principles of four-cycle motor action, one can explain the 
matter very clearly by comparing the effect produced by exploding 
gasoline gas to that which obtains wh^ one explodes gunpowder 
in a gun, ' 
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How the ^soline Engine Works. — At Fig. 32, A, the upper view 
shows a section through a simple one-cylinder gasoline engine, while 
the lower one illustrates an old pattern muzzle loading cannon, (con- 
sidering first the phenomena which obtains when gunpowder is burned, 
one can obtain some idea of how exploded gasoline vapor may be 
transformed into power. In fact, the preliminary operations whic‘h 
have been necessary before the gun was fired, are very similar to 
those which preceded an explosion in the cylinder of tJie gasoline 
engine of the four-cycle type. Following first the cycle of operations 
necessary to fire the cannon, graphically shown at tlie lower portion 
of Fig. 32, it will be seen that a certain secpience is necessary. At 
A we have the loading, or charging of the mortar. The- powder 
which is carried in bags for convenience is introduced in the muzzle 
and pushed back into tlie ])reech with the ramrod. After the powder 
has been compressed the ball is placed and tightly rammed in place 
on top of the powder in the explosion chamber, as siiown at B. After 
the powder is i)roperly compacted it is exploded by means of a lighted 
fuse, or percussion cap, and the cannon ball is forced out through 
the open end because of the pressure of gas on its underside, this 
having been produced by tlie ra])id burning of the ])o\vder. 

The next operation is clearing the mortar of the burned gases 
in order to introduce a fresh charge of powder and shot. The clear- 
ing is automatically performed, as shown at D. As soon as the ball 
leaves the mouth of the mortar tlie gas wliicli is still under high pres- 
sure escapes to the atmosphere. After the barrel is swabbed out, one 
can introduce another charge and fire the cannon again. TJie power 
to propel the shot through the air has been obtained liy burning a 
substance which before ignition had no power to produce motion of 
the ball. If an equal charge of gunpowder had been placed in the 
open air and the shot placed upon it, one would find that if the com- 
bustible material were ignited, there would be very little energy 
produced. There would be a flash of flame, but it is doubtful that 
this would have sufficient energy to cause the cannon ball to leave 
its position. Powder compacted in the cannon barrel produced use- 
ful energy because pressure was confined in a chamber having rigid 
walls at all sides, except one, thia being the side of the cannon ball 
nearest the explosive. The metal surrounding the explosion chamber 
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had sufficient strength to resist the -high gas pressure, but the ball 
which was movable was driven out because its weight was not sdf- 
ficient to resist the force applied to it by the exploded powder. ^ • 

It is evident that burning powder in the air will produce a certain 
amount of energv, but as vhe explosion takes place in the open ther§ 
will be nothing to restrain tiie pr<^ssure, and just as soon a:, the powder ^ 
is liglited any energy evolved is dissipated into the atmosphere instead 
of the force being directed against yielding members. Tlie ball is ^ 
forced out of the gun barrel, not only by the gas pressure which ^ 
suits as soon as the powder is exploded, but also by the expansion of 
the gases generated by combustion which tends to accelerate its motion 
toward the end of the barrel. As the shot moves toward the end and 
the gas occupies more space its pressure becomes less, and when the * 
ball leaves the nioiitli of the motor there is very little power remain-' 
ing in the moving gas. Tliere is sufficient pressure, however, so that ] 
the gas rnslies out of tiie interior and tlie barrel is thus cleared of y 
inert products which have no useful force. 

The action of a modern repeating rifle is somew'hat different than ‘j 
that of a muzzle loader, because the powder is already compressed in <1 . 
metal sliells which arc introduced at the breech of the gun instead of , 
at the muzzle. The iiiimbor of shells are carried in a magazine, and 
after one of tliese explodes the recoil due to the explosion of the gas 
siipjdies another charged shell to the breech and the operation of firing 
the gun may be repeated as long as the supply of ammunition in the 
magazine lasts. 

The modern gasoline engine follow's the action of both the old 
type muzzle loader and the more modern form in which the shell is 
introduced at the breech. Keferring again to sketches at top of Fig 
32, w^e can compare the action of a simple four- stroke engine with 
that of a cannon Tvhicli is illustrated below them. The principal 
elements of a gas engine are not difficult to understand and their 
functions are easily defined. In place of the barrel of the gun one 
has a smoothly machined cylinder in which a small cylindrical or 
barrel-shaped element fitting the bore closely may be likened to a 
bullet or cannon ball. It differs in this important respect, however, 
as while the shot is discharged from the mouth of the cannon the 
piston member sliding inside of the main cylinder cannot leave it, 
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^ itB uaovements back and forth from the open to the closed end and 
back again are limited by simple mechanical connection or linkage 
which comprises crank and connection rod. It is by this means that 
the reciprocating movement of the piston is transformed into a rotary 
motion of the crank shaft. 

The fly wheel is a heavy member attached to the crank shaft 
which has energy stored in its rim as the member revolves, and the 
momenthm of this revolving mass tends to equalize the intermittent 
Joshes on the piston head produced by the explosion of tlie gas in the 
cylinder. If some explosive is placed in the chamber formed by the 
piston and closed end of the cylinder and exploded, the piston would 
be the only part that would yield to the pressure which wx)uld pro- 
duce a downward movement. As this is forced down the crank sliaft 
is turned by the connecting rod, and as this part is hinged at both 
ends it is free to oscillate as the crank turns, and thus the piston may 
slide back and forth while the crank shaft is rotating or describing 
a curvilinear path. 

In addition to the simple elements described it is evident that a 
gasoline engine must have other parts. The most important of these 
are the valves, of which tlierc are two to each cylinder. One closes 
the passage connecting to the gas supply and opens during one stroke 
of the piston in order to let the explosive gas into the combustion 
chamber. The other member, or exliaust valve, serves as a cov(‘r for 
the opening through wdiich the burned gases can leave the cylinder 
after their w^ork is done. The spark plug is a simple device which 
may be compared to the fuse or percussion cap of tlie cannon. It 
permits one to produce an electric spark in the cylinder wdien the 
piston is at the best point to utilize the pressure which obtains when 
the compressed gas is fired. The valves are open one at a time, the 
inlet valve being lifted from its seat while the cylinder is filling and 
the exhaust valve is opened when the cylinder is being cleared. They 
are normally kept seated by means of compression springs. In the 
simple motor shown at Fig. 32, the exhaust valve is operated by means 
of a pivoted bell cr^nk rocked by a cam which turns at half the speed 
of the crank shaft. The inlet valve operates automatically, as will 
be explained in proper sequence. 

Considering the view shown at Fig. 32, A, the first necessary 
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operation is charging the cylinder mth eiplosive ma^rialv 
piston is at the top <# its stroke and it m^ves toward the op^ end 
of the cylinder. The engine works as a pump, and the piston 
in a charge of combustible gas through Ihe open intake valve, whioli 
is in connection with the Viiporizer which furnisnes the gas. An auto- 
matic valve opens because of a light vacuum or suclion existing 
wlien the piston has traAcled down a certain portion of its stroke and 
then the outside air pressure is greater than that in the cylinder^ The 
external air pressure is greater than the tension of the spring which 
tends to keep the valve closed and the member is therefore drawn 
from its seat by tlie piston. At the end of the intake stroke, which 
is shown at Fig. A, and after the cylinder has filled with gas the 
pressure inside and outside is the same and the valve spring closes 
tlie intake valve. As the exhaust valve spring is very strong this 
member has not been lifted from its seat by tlie difference in pres- 
sure. The exhaust valve is opened by mechanical means solely and 
only when operated by tlie cam and push-rod mechanism. 

The condition in the cylinder and the gas engine after the piston 
has reached the bottom of its stroke is very much the same as that 
which obtains in a gun of the muzzle-loading type after the explo- 
sive cliarge has been introduced. We have learned that, to obtain 
power from gunpoi/der, it was necessary to compact it firmly in 
the combustion chamber of ihe gun. The gasoline gas which has 
been taken into the engine cylinder must also be compressed before 
it is ignited, in order to obtain power. It is compacted into one- 
third or one-(|uarter of its former volume, and whereas its pressure 
is about fifteen pounds per square inch before it is compacted the 
end of the compression stroke of the piston the jn’cssure will be in- 
creased to forty-five, sixty, and even seventy-five pounds per squipre 
inch. At tlie end of this compression stroke, wliich is shown at B, the 
conditions in the engine cylinder are the same as those which prevail 
in the barrel of the cannon after the powder has been tightly rammed 
in the closed end of the gun barrel and the hall is forced in on top 
of it. At C we have seen that the powder was fired by means of a 
fuse. The compressed gas in the engine cylinder is exploded elec- 
trically by a spark occurring between the points of the spark plug. 
The explosion in the cannon drives out Qie ball, while that in the 
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engine cylinder forces &e piston out and causes the crank shaft and 
fiy whee! attached to it, to revolve. 

In order to obtain a perfectly tight combustion chamber, both 
intake and exhaust valves are closed before the gas is ignited, l)eca\ise 
all of the pressure produced by the exploding gas is to be directed 
against the top of the movable piston. Wlien tlie piston reaches tJie 
bottom of its power stroke, as indicated at D, the exhaust valve is 
titled by means of the bell crank which is rocked bocause of the point 
6r lift on the cam. The cam shaft is driven by positive gearing and 
revolves at half the engine speed. The exhaust valve remains oj)en 
during the whole of the return stroke of tlie piston, and as this mem- 
ber moves toward the closed end of tha cylinder it forces out burned 
gases ahead of it, through the passage controlled by the exlianst valve. 
The cam shaft is revolved at half the engine si>ced be(*aiise tlie ex- 
haust valve is raised from its seat during only one stroke out of 
four, or only once every two revolutions. Obviously, if tlie cam was 
turned at tlie same speed as the crank shaft it would remain open 
once every revolution, whereas the burned gases are expelled only once 
in two turns of the crank shaft. 

It will be evident that three strokes of the piston are necessary to 
secure one useful explosion just as practically three operations are 
needed to fire the cannon. The first downward movement of tlie 
piston fills the cylinder with gas and is known as the intake stroke.^^ 
This is accomplished during the first half revolution of the crank 
shaft. The return movement of the piston is accomplished during 
the second half of the first revolution and compacts the gas jiroviously 
inspired. This is called the ^^compression stroke.” The expansive 
force back of the piston produced by the explosion forces the piston 
down again, this turning the crank shaft through the first half of 
the second revolution which is known as the power stroke.” The 
last half of the second revolution produces a return movement of the ^ 
piston toward the closed end, and as the burned gases are expelled 
and the cylinder is cleared to receive the fresh charge, this movement 
of the piston is known as the exhaust stroke.” The cycle of opera- 
tions described is continued and repeats as long as the cylinder is 
Lupplied with fuel, the spark takes place to fire the gas and the 
engine prevented from overheating by means of lubrication between 
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^ p&Tts apd cooling those portions liable to become exces- 

sjrefy' hot by suitable extraneous means. 

Typical Single-Cylinder Engines Described. — The gasoline engine 
may have any number of cylinders, though the conventional types 
used in automobile propulsion seldom use any but an even number 
and" rarely more than six. At one time single-cylinder motors were 
very popular. These were used in both the horizontal and vertical 
types. A typical form of horizontal motor is shown at Fig. 33. 
Powet plants of this ty^pe were, for the most part, of low power and 
were patterned largely after stationary gasoline engine practice as 
far as proportion of parts was concerned. They were heavy and oper- 
ated at low speed. Such engines are seldom employed at the present 
tiihp, except in cars of ancient construction, many of which arc still 
in use. Though this type of motor was comparatively slow acting 
and considerable vibration existed while it was in operation, they 
were strongly constructed and capable of giving very satisfactory 
service. Engines of this type are usually installed under the body, 
the engine cylinder being parallel witli the frajne side member while 
the crank shaft was at right angles to it. Tliis permitted a very 
simple and efficient method of power transmission as the change 
speed gearing which was usually carried on the crank shaft extension 
could be easily coupled to the rear axle by means of a single chain 
and a pair of sprockets. 

Owing to the vibration which obtains from the heavy explosion 
■in the large single-cylinder engine other forms were evolved in which 
the cylinder was smaller and power obtained by running the engine 
faster. The single-cylinder motor of the vertical type is shown at 
Fig. 34. The pattern shown at Fig. 33 is distinctively of American 
derivation and was designed to avoid the rapid wearing and noisy 
acting single-cylinder motors of the foreign vertical type. 

- When a single-cylinder engine is employed a very heavy fly wheel 
is needed to carry the moving parts through idle strokes necessary to 
obtain a power impulse. For this reason modern designers prefer to 
use^more than pne cylinder, and the tendency is to produce power by 
frequently occurring light impulses rather than by a smaller number 
of explosions having greater force. When a single-cylinder motor 
> fs efepljyed the ccjnstrnction is heavier than is needed with a multiple- 
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eylmder form. If sing two nr ixior^ cyVnd^ra conduces ip steady poirer 
generation and a lessening of vibration. Most modern motor , eirs 
employ four-cylinder engines because a power impulse may be secured 
twice every revolution of the crank shaft, or a total of four-power 
strokes during two revolutions. The parts are so arranged that ^hile 
the charge of gas in one cylinder is exploding, those which come 
next in firing order are compressing, discharging the inert gase#: and 
drawing in a fresh charge respectively. When the power strAe is 



Fig. 34. — Sectional View of Brush Runabout Motor, a Simple Single-Cjl^D^r 
Power Plant of the Vertical Type, Designed to Operate at High Speeds. 


completed in one cylinder, the piston in that member in which a 
charge of gas has just been compressed has reached tlie top of 'its 
stroke and when the gas is exploded the -piston is reciprocated ’^and 
keeps the crank shaft turning. When a four-cylinder engine is us§d 
the fly wheel is much ligliter than that of the single-cylinder ftinp. 
In fact, many modern four-cylinder engines developing; feirty liorro 
power weigh less than the early single-cylinder fonns which develpj^ed. 
but one-third or one-fourth that amount energy., C , 





Fig, 86. — ^Diagrams Illustrating Sequence of Cycles in One- and Twc^Cylinder 
Engines Show More Uniform Turning Effort on Crank Shaft with Two- 
Cylinder Motors. 
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Describing Sequence of Operatiaiu. — ^Eeferring to Fig. 35, A, the 
sequence of operation in a single-cylinder motor can be easily under- 
stood. Assuming that the crank shaft is turning in the direction of the 
arrow, it will be seen that the intake stroke comes first, then the com- 
pression, which is followed by tlie pow’er impulse, and lastly the exhaust 
stroke. If two cylindo's are used, it is possible to Ijalance the ex- 
plosions in such a way that one will occur each revolution. This is 
true with .either one of two forms of four-cycle motors. At B, a two- 
cylinder vertical engine using a crank shaft in which the crank pins are 
on the same plane is shown. The two pistons move up and down simul- 
taneously. Referring to the diagram describing the strokes, and as- 
suming that the outer circle represents the cycle of operations in one 
cylinder while the inner circle represents the sequence of events in the 
other cylinder, while cylinder No. 1 is taking in a fresh charge of gas, 
cylinder No. 2 is exploding. When cylinder No. 1 is compressing, 
cylinder No. 2 is exhausting. During the time that the charge in 
cylinder No. 1 in explodtid, cylinder No. 2 is being filled with fresh gas. 
While the exhaust gases are being discharged from cylinder No. 1, 
cylinder No. 2 is com])ressing the gas previously taken in. 

The same condition obtains when the crank pins are arranged at 
one hundred and eighty degrees and the cylinders are opposed, as 
sliown at C. The reason that the two-cylinder opposed motor is more 
popular than that Inn ing two vertical cylinders is that it is difficult 
to balance the construction shown at B, so that the vibration will not 
be excessive. The two-cylinder opposed motor has much less vibra- 
tion than the other form, and as the explosions occur evenly and the 
motor is a simple one to construct, it has been very popular iu the 
past on light cars. 

To demonstrate very clearly the advantages of nfLultiple-cylinder 
engines the diagrams at Fig. 36 have been prepared. At A, a three- 
cylinder motor, having crank pins at one hundred and twenty degrees, 
which me^ns that they are spaced at thirds of the circle, we have a 
form of construction that gives a more even turning than that pos- 
sible with a two-cylinder engine. Instead of one explosion per revo- 
lution of the crank shaft, one will obtain three explosions in two 
revolutions. The manner in which the explosion strokes occur and 
the manner they overlap strokes in the other cylinder is shown at A. 
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Assuxmug that the cylinders fire in the following order, first No. 1 , 
then No. 3, and last No. 2, we will see that while cylinder No. 1, 
repwented by the outer circle, is on the power stroke, cylinder No. 
3 has completed the last two-thirds of its exhaust stroke and has 
stared on its intake stroke. Cylinder No. 2, represented by the 
middle circle, during this same period has completed its intake stroke 
and two-thirds of its exhaust stroke. A study of the diagram will 
show "that there is an appreciable lapse of time between eacli explosion. 

In the four-o^dinder engine operation which is shown at Fig. 36, 
B, it will be seen that the power strokes follow each otlier without 
loss of time, and one cylinder begins to fire and the piston moves 
down just as soon as the member ahead* of it has completed its power 
stroke. In a four-cylinder motor, the crank pins are placed at one 
hundred and eighty degrees, or on the halves of the crank circle. The 
crank pins for cylinder No. 1 and No. 4 are on the same plane, while 
those for cylinders No. 2 and No. 3 also move in unison. The diagram 
describing sequence of operations in each cylinder is based on a firing 
order of one, two, four, three. The outer circle, as in previous in- 
stances, represents the cycle of operations in cylinder on<‘. The next 
one toward the center, cylinder No. 2, the third circle represents the 
sequence of events in cylinder No. 3, while the inner circle outlines 
the strokes in cylinder four. The various cylinders are working as 
follows : 

1 . 2 . 3 . 4 . 

Explosion Compression Exhaust Intake 

Exhaust Explosion Intake Compression 

Intake Exhaust Compression Explosion 

Compression Intake Explosion Exhaust 

It will be obvious that regardless of the method of construction, or 
the number of cylinders employed, exactly the same number of parts 
must be used in each cylinder assembly and one can conveniently com- 
pare any multiple-cylinder power plant as a series of single-cylinder 
engines joined one behind the other and so coupled that one will ^de- 
liver power and produce useful energy at the crank shaft where the 
other leaves off. The same fundamental laws governing the action 
of a single cylinder obtain when a number are employed, and the 



Fig. 36. — Blagrams Demonstrating Clearly Advantages which Obtain whfi 
Mnltifile-Cylinder Motors are tJai^d as Power Plants. 
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. ae^ence of operation is the same in all members, except that the 
McessBrjr fmctions take place at different times. If, for instance, all 
the cylinders of a four-cylinder motor were fired at the same time, 
one would obtain the same effect as though a one-piston engine was 
used, .which had a piston displacement equal to that of the four 
smaller members. As is the case 'with a single-cylinder engine the 
motor would be out of correct mechanical balance because all the 
connecting rods would be placed on crank pins that lie in the same 
plane. A very large fl}'' wheel would be necessary to carry the piston 
through the idle strokes, and large balance weights would be fitted 
to the crank shaft in an effort to compensate for tlu^ weight of the 
four pistons, and thus reduce vibrator/ stresses which obtain when 
parts are not in correct balance. 

There would be no advantage gained by using four cylinders in 
this manner, and there would be more loss of heat and more power 
consumed in friction than in a one-piston motor of the same capacity. 
This is the reason that when four cylinders are used the arrangement 
of crank pins is always as shown at Fig. 36, B — i. e., two pistons are 
up, while the other two are at the bottom of the stroke. With this 
construction, we have seen that it is possible to string out tlie explo- 
sions so that there will .always be one cylinder applying power to the 
crank shaft. The explosions are spaced equally. The parts are in 
correct mechanical balance because two pistons are on the upstroke 
while the other two are descending. Care is taken to have one set 
of moving members weigh exactly the same as the otlicr. With a 
four-cylinder engine one has correct balance and continuous *api)lica- 
tion of energy. This insures a smoother running motor whicli has 
greater efficiency than the simpler one-, two-, and three-cylinder forms 
previously described. Eliminating the stresses which would obtain 
if we had an unbalanced mechanism and irregular power apidication 
makes for longer life. Obviously a large number of relatively light 
explosions will produce less wear and strain than would a lesser num- 
ber of powerful ones. As the parts can be built lighter if tlie explo- 
sions are not heavy, the engine can be operated at higher rotative 
speeds than when large and cumbersome members are utilized. 

The six-cylinder type of motor, the action of which is shown at 
Pig. 36, C, is superior to the four-cylinder, inasmuch as the power 
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strokes overlap, and instead of having two explosions each reMntioi^ 
we ]iave tliree explosions. TJie conventional crank-shaft arrangement 
in a six-cylinder engine is just the same as though one used two three- 
cylinder shafts fastened together sc pistons 1 and 6 are on ihe same 
plane as are pistons 2 and 5, Pistons 3 and 4 also travel together. 
With the cranks arranged as outlined at Fig. 36, C, the firing order is 
one, five, three, six, two, four. The manner in which the power strokes 
overlap is clearly shown in the diagram. An interesting comparison is 
also made in the small diagram in the upper left-hand corner of this 
view. 

A rectangle is divided into four .columns; each of these correspond 
to one hundred and eighty degrees, or half a revolution. Thus the 
first revolution of the crank shaft is represented by the first two col- 
umns, while the second revolution is represented by the last two. 
Taking the portion of the diagram which shows the power impulse in 
a one-cylinder engine, we see that during the first revolution there 
has been no p vvver impulse. During the first half of the second revo- 
lution, however, an explosion takes place and a power impulse is ob- • 
tained. Tlie last portion of the second revolution is devoted to ex- 
hausting the burned gases, so that there are three idle strokes and but 
one power stroke. The effect when two cylinders are employed is 
shown immediately below. 

Here we have one explosion during the first half of the first revo- 
lution in one cylinder and another during the first half of the second 
revolution in the other cylinder. With a four-cylinder engine there 
is an explosion each half revolution, while in a six-cylinder .engine 
there is one and oiie-lialf explosions during each revolution. When six 
cylinders are used there is no lapse of time between power impulst-s, 
as these overlap and a continuous and smooth-turning movement is 
imparted to the crank shaft. While the six-cylinder engine has ob- 
vious advantages, it will be evident that it must be fifty per cent more 
complicated than the four-cylinder, and os one obtains a smooth- 
acting engine with the lesser number, the majority of engineers favor 
the four-cylinder t 3 ^pe of power plant for general service. 

Actual Duration of Different Strokes* — In the diagrams presented 
at Figs. 35 and 36, the writer has assumed, for the sake of simplicity, 
that each stroke takes place during half of one revolution of "the 
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shaft, which cOrr#^sJ)onds to a crank-pin travel of one hundred 
^and eighty degrees. The actual duration of these strokes is somewhat 
diffbfent. For example, the inlet stroke is usually a trifle more than 
a half revolution, and the exhaust is always considerably more. The 



Fig. 37. — ^Diagram Showing Actual Duration of Dijfferent Strokes in Degrees. 


diagram showing the comparative duration of the strokes is shown 
at Pig. 37. The inlet valve opens ten degrees after the piston stas'ts 
to go down and remains open thirty degrees after the piston has 
reached the top of its stroke. This means that the suction stroke cor- 
respondfif to a crank-pin travel of two hundred degrees, while the com- 
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pression stroke is measured by a movement of but one Imndred 
sixty degrees. It is common practice to open the exhaust valyo 
the piston reaches the end of the power stroke so that the actual duir4^r 
tion of the power stroke is about cue hundred and forty degraeft 
while the exhaust stroke corresponds to a crank-pin travel of two' 
hundred and twenty-five degrees. In this diagram, Tvlilch represents . 
proper time for the valves to open and close, the dimensions in inches 
given are measured on the fly wheel and apply only to the Model M 
Thomas motor. If the fly wheel were smaller ten degrees would take 
up less ’than the dimensions given, while if the fly wheel was larger 
a greater space on its circumference would represent the same crank- 
pin travel. 



Fig. 38. — Simple Form of Two-Cylinder Motor Having Opposed Cylinders; a 
Very Popular Form of Power Plant for Light Service* 


Typical Engine Types Described. — A very simple and efficient type 
of power plant is shown at Fig. 38. In this motor the cylinders are 
horizontally disposed and opposed to each other. The valves are car- 
ried in a pocket, or chamber, on top of the c)dinder and they are oper- 
ated by direct push-rod movement froin a cam shaft carried justv 
above the crank, shaft. The general arrangement of parts is clearTjf] 
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and as each component is indicated there should be no difB- 
>^ity in grasping the details of this form of power plant. The motor 
illustrated at Fig. 39 is a simple four-cylinder type of modern con- 
Mraetion and may be considered representative of standard practice. 
In this motor it will be seen that the four cylinders are arranged on 
a crank case common to them all The crank case also acts as a sup- 
porting memiber for the crank shaft and cam shaft. A section of the 
crank case is broken away to show tlie crank-sliaft design, and also 
to iMustrate tlie method employed of raising the vahes from their 



Fig. 39. — Sectional View of Four-Cylinder Motori the Most Widely Used Type 

of Multiple Engine. 


seats by means of cams. ^J'iie front cylinder is not sectioned. The 
second cylinder, which is immediately back of it, is sectioned through 
the valve chest in order to show the gas passages and the method of 
closing them by mushroom valves. Cylinder No. 3 is divided on its 
center line to show the piston and connecting rod assembly, while the 
last cylinder is sectioned in such a way that tlie construction of the 
piston, connecting rod, and wrist pin is clearly shown. ^ 

Anoth^ type of four-cylinder engine sectioned in a somewhat 
similar manner with all parts indicated is shown at Fig. 40. A 
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Kg. 40 .— Sectksnal View of Typical itour-Cylinder Cycle, Fonr-Cylinder Engine, Showing 
eternal Components and their Relation to £a^ Other* 
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careful etudy of this illustration should familiarize one with the gen- 
eral arrangment of the parts of conventional power plants. The 
views shown at Figs. 39 and 40 are longitudinal sections. In order 



Fig. 41. — Sectional View of Rear Cylinder of Gasoline Engine with Important 

Parts Indicated. 


to show the appearance of the parts of an engine when one of the 
cylinders is cut in such a manner that it is viewed from the enS 
rather than from the side, such a section is given at Fig. 41. As is 
the case in other illustrations all parts are clearly indicated. This 
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view is also valuable in showing the arraih^gement of some ef the 
iliary components, such as the water pump, \. liich is used to cirenlate 
the cooling liquid; the carburetor^ which is, employed to fumiA the 
explosive mixture; and the magneto, which is supplied to ignite thb, 
compressed gas. TJie exhaust pipe, w^hich is attached to the side of 
the cylinder to caiTy away the burned gases, and the sump, or oil con- 
tainer, which carries a supj)ly of the lubricant to keep the working 
surfaces free, are also outlined. 

Features of the Knight Slide Valve Motor. — One of the latest ten- 
dencies of engineers responsible for the design of motor-car power 
plants is tow ard the elimination of all noises incidental to their opera- 
tion. Much of tliis has been attributed to operation of the valves and 
in order to reduce tlio clatter, types of engines in which the poppet, or 
luiislirooin, valves are replaced by sliding or revolving elements are 
being extensively experimented wuth. 

The corliest types of explosion motors, as evolved by Lenoir, Bra}^- 
ton, and Otto, emidoyod simple slide valves which wrere patterned 
after those used in steam engines. Owing to faulty construction these 
early forms w^re not successful, as considerable difficulty was expe- 
rienced from warping and in keeping the cylinder tight enough to 
retain gas ])rossure. In several engines of recent development the 
inusliroom valves are being replaced by sleeves which have a more 
gradual motion and which slide by ports in the cylinder instead of 
being brought forcibly in contact with the seats by a strong spring. 
An advantage of 11 ic slide valve motor, wdiich is perhaps even more 
im])ortant tlian that of silence, is tlic increased flexibility and aug- 
mented i)ow'er developed, because the large gas passages permi| the 
entering stream of fresh vapor, or the departing current of inert gas 
to leave the cylinder without being impeded. The disadvantage ol^n 
cited against poppet valves is that at high speeds they fail to follow 
the contour of their actuating cams accurately and there is consider- 
able loss of power because of the irregular gas flow. 

The most practical and satisfactory of the valveless motors now in 
use w'as invented by Charles Y. Knight, an American engineer, sev- 
eral years ago. When first introduced in this country it was met with 
considerable ridicule, and the inventor wp forced to take his inven- 
tion to Europe, where its advantages met with prompt recognition. 
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Pig. Comparing Poppet Valve and SUding Sleeve Valve Power Plairts. 
T ™ Shows Knight Engine with Sleeves to Control Gas Ports. 
Lower Elustration Shows Gas Passages Controlled by Mushroom Valves. 
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The Knight valveicss motor is now made and used by such celebrated 
automobile manufacturers as, Daimler, in ifngland; Panhard-Levas- 
sor, in Prance; Minerva, in Bcigium; and Mercedes, in Germany. In 
this country it will l)e found on modeh. oi the Columbia, Stearns, and 
Stoddard-Dayton. 

The operating principles in this engine do not dilter materially 
from other four-cydinder, four-cycle types, the only difference being in 
the method of admitting and expelling gases from the cylinder. The 
illustrations at Fig. 42 show very clearly the difference which exists 
between the slide valve and the conventional poppet valve motor. 
Both of tliose are tlie same in general design, except that changes 
have been made in the ^jower ])lant to permit tlie use of reciprocating 
sleeves, Tlie upper illustralion represents the slide valve motor in 
part section, wliile the lower view show's the conventional poppet valve 
type. 

The Knight motor lias four cylinders cast in pairs. The top of 
each cylinder has two lateral slots whieli conimnnicate respectively 
with the inlet and exhaust jiipos. The cylinder is water- jacketed, 
and inside of tliis memlier and interposed between it and the piston 
are two thin, liollow cast-iron cylinders, or sleeves, adapted to be 
moved up and down by a suitable crank sliaft and connecting rod 
meclianism or eccentrics. These sleeves have large ports w'hich com- 
municate witli the orifices in the cylinder w'all. Tliey are moved in 
such a manner that the slots in the cylinder are opened and closed 
by the rec ijirocating movement of the sleeves. They are operated 
by small eonii(*cting rods which work from a smaller crank shaft 
mounted to one side of, and above the main crank shaft, and driven 
by silent cliain gearing. The travel of the sleeves is comparatively 
small, as their velocity is but one-tenth that of the piston. The open- 
ings in the sleeves are so wide that the gases enter and leave the 
combustion chamber much more easily than they could through ports 
closed by valves of the conventional type. 

The movement of the sleeves is such that the ports in the cylinder 
are closed by one or both sleeves during three-quarters of the cycle 
of operation, and are kept open during the remaining quarter by a 
simultaneous lining up of the openings in both sleeves with that in 
the cylinder. As is the case with a four-cycle motor of the conven- 




43^-Shoi;^ Action of Met Valve and Cam of Conventional Type. Note Gradual Valve Opening, wUdi Boea 

Not Attain its Full Value for Some Time. 
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tionaU pattern during tlje first downsiaPdke of the piston the inlM^ 
port is opened and the exhaust orifice close L Buring the next t #0 
piston strokes, one up and the other doim, corresponding to the 
pression and explosion of the gas, hot}’ ports are kept closed. Then 
during the last upstroke, which corresponds to the scavenging period; 
the exhaust port is opened and the inlet port closed. 

It is claimed that this motor is very silent at iiigh speeds, and it 
is more flexible in operation than other forms. It is also said that 
this type of motor will retain its compression longer than the poppet 
valve type, because there can be no escape of gas through the ports 
when they arc closed by the sleeves. The moving members are lubri- 
cated in the usual manner, the only precaution taken being to insure 
an even distribution of oil by cutting a spiral groove and boring a 
number of holes in each sleeve. The great advantage of this type 
over tiie poppet valve motor can be very well shown by comparing the 
illustrati^ms at Figs. 43 and 44, which show action of the valves^used 
on the ordinary motor witli the views at Figs. 46 and 47. At Fig. 43, 
A, the position of the piston, crank shaft, cam, and intake valve are 
showm at the ])eginning of the charging stroke. It will be noticed 
that the intake valve has Just barely left its seat and that there will 
be little space for the gases to flow into the cylinder until the piston 
has reached the position shoAvn at Fig. 43, B, at which point the inlet*^ 
valve is fully opened. From this point to that outlined at Fig. 43, C, 
the inlet valve closes and the gas passage becomes more and more 
lestricted as tlie piston travels down. Tlie same condition obtains 
when the exJiaust valve is operated. It lifts gradually, and the full 
opening is not attained until the parts have assumed the j^sition 
shown at Fig. 44, B. From this point to that outlined at Fig. 4ll, 0, 
the valve is closing. It will be evident that with mushroom v^alves 
one attains the maximum port opening only during the time that 
the cam follower rides on the point of the cam which is but an instant. 
The cam roller follows the cam profile only at low and moderate 
speeds. When the velocity increases the cam will throw the push 
rod instead of lifting it and the action will be erratic. Incidentally, 
these view^s show very clearly the method of valve operation and will 
prove valuable in assisting the reader to gain an idea of valve timing 
which will be discussed at length in proper sequence. 




Fig. 44.— Showing Action of Exhaust of CdirMitional Motor Type- 
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The view at Fig. 45 is a simplified ‘^eection which shows the "parts 
of the Knight iype motor to ed vantage. The diagrams at I*ig|. 46 
and 47 will enable the reader to jee the, relation of the sleeves ahdif*- 
ferent points in the cycle of opera 


fion. At Fig. 46 A, the position 
at the inception of the intake 
stroke is clearly shown. At B tJie 
parts have, assumed positions that 
permit the fresh gas to flow 
quickly into the cylinder. At C 
the sleeves are closed. It will be 
apparent that one obtains a clear 
port through which the gases may 
flow easily as soon as the intake 
stroke begins. This is increased 
in value ujtil the maximum open- 
ing is reached, just as with a pop- 
pet valve. The important point 
to observe, however, is that there 
is always a straigljt passage for 
the gas to flow through while the 
port is open. Even when the pop- 
pet valve has been raised to the 
highest point there is still diffi- 
culty for the gas to leave the 
cylinder because of the tortuous 
passage and the number of turns 
the gas stream must make to enter 
and leave the combustion chamber. 
Fig. 47 depicts the movement of 
the sliding sleeve valves on the ex- 
haust stroke. 

In order to obtain uniform 
power application and a smooth 
running engine it is essential that 
the gases in each cylinder be com- 
pressed to the same value before 



Fig. 45.— End Sectional View of mjSght 
Sliding Sleeve Type Motori ^w- 
ing Sleeves which Take Place of the 
Poppet Valves of Conventionld llo- 
tors. A— Outer Valve Shell* 
inner Valve Shell. C — Opetafiiig 
Lever for A. D — Oporatiiig Lever 
for B. E— Lay Shaft F-^Sraidt 
Shi«. G— Helical Gears. H— 
. Valve Openitig. H--*CyiiaderHead. 
L~*Sparking Wug Holes. 
Cross-Shaft Drivi^ Pump and 
Maioeto. H— Ptston. 
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takes place. If the compression is less in one cylinder then 
that member will be doing less work than the others and the rotative 
speed will not be constant. The crank shaft will slow up when it 
comes to the weak cylinder, and will accelerate when the three strong 
ones are acting on it. It is claimed that in the Knight motor the 
absolute constancy of compression makes for uniformity of action 
because the intervals between the successive explosions are always 
■equal and all of the power strokes have the same strength. It is also 
advanced that the constiniction of the Knight motor makes it possible 
to obtain cqpibustion chambers which are equal in volume, which con- 
dition is difficult to attain with the ordinary construction, because of 
the difficulty met in securing perfect ecjiiality of castings. As tlie 
cylinders and cylinder heads of the Knight motor are machined to 
tlie required dimensions and polished, all coml>ustion chambers will 
have the same volume. Another advantage is that there will be no 
projecting particles of metal such as would be ])resent in castings that 
might remain hot and cause premature explosions. It is also difficult 
for carbon to adhere to the absolutely smooth walls of the combustion 
chamber or piston head. 

There is very little strain on the ]>arts, and as the wear of the 
sleeves is negligible the motor action improves with service, because 
the sleeves become polished and work easier the more they are used. 
As the sleeves are driven by cranks and conneiding ro<ls and not by 
cams as poppet valves are, they are not liable to go wild at even the 
highest motor speeds. The ports are opened and closed exactly at 
the proper time, and the openings or passages for tl^e gas are so 
large that the motor capacit}^ augments with an incToase of speed. 

In a comparative test of two similar motors, one witli mushroom 
valves and the other with sleeves, the former developed but twenty- 
five horse power at 2,000 revolutions per minute, wliile the sleeve 
type generated in excess of thirty horse power under tlie same con- 
ditions. The Knight motor has been subjected to severe tests before 
adoption in comparison with motors of the poppet valve type. In 
one of these an engine rated at tliirty-eight horse power which had 
cylinders of 5-inch bore and stroke developed 55.3 horse power con- 
tinuously during a period of 5j4 days, or 132 hours. The fuel con- 
sumption was but 0.85 pint of gasoline per horse power hour. The 
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average fuel consumption of the four-cycle type of motor is placid 
at one pint per horse power hour. At the completion of this runnihg 
in test the power plant was installed in a car w^gUng 4,000 pounds. 
This was driven over 2,000 miles on Brooklands Motor Track, near 
London, England, at a speed which averaged forty-three miles per 
hour. At the completion of this test the motor was replaced on a 
test stand in the shop where it developed an average of 57 25 horse 
power during a run of five hours at 1,200 revolutions per minute. 
The fuel consumption was reduced to 0.75 pint of gasoline per horse 
power hour and it had gained two horse power, or about fouj per cent 
by use. 

This type of valveless motor is considered to be an improvement 
over the conventional forms, and it is all the more strange when one 
considers that the height of its development has been reached at a time 
when all believed the explosion motor had attained its maximum 
eflSciency. The success attending the use of the Knight motor has 
promoted great interest in all forms of valveless motors which are 
being actively experimented with at the present time. Some of the 
most successful of these types will be described in detail in the fol- 
lowing chapters. 

Operating Principles of Two-Cycle Engines. — ^While the majority 
of automobiles use four-cycle internal combustion engines for propul- 
sion there are cases where the simpler two-stroke cycle motor has been 
used. Though it has been widely used in marine applications for 
years it has not become ver}’^ popular in motor-car service. If con- 
sidered from a theoretical point of view the two-cycle engine has 
important advantages, and if ideal conditions were obtained in practice,, 
motors of this type would develop twice the amount of power obtain- 
able from four-cycle engines having the same number of cylinders, 
equal piston displacement and operating at the same crank shaft, 
speed. 

The two-cycle motor is much simpler than the other forms, and it 
has but three moving parts per cylinder. In this type a power im- 
pulse is obtained with each downstroke of the piston instead of every 
other downstroke. With the explosion occurring twice as often the 
energy delivered is increased in direct proportion and a more even 
turning movement of the crank shaft results because of the more 
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’/apid .series of exj^osions. It lias been shown that with tlie four- 
stroke engine three operations are necessary to obtain a useful power 
impulse, Tlie first downward movement of the piston draws in the 
gas. The following upward movement compresses the mixture. The 
second down movement of the piston takes place during the expan- 
sion ^r explosion stroke, and is the third and power-producing part 
of the cycle. Following this operation the remaining stroke of the 
piston^ Which is upward, clears the cylinder of burned gas. 

Obviously all the wnrk is done at tlie top of the piston, and the 
differing functions take place in the combustion chamber or that por- 
tion of the cylinder above the piston. With a two-cycle engine all 
this wwk can be accomplished in half the number of strokes, and it 
is possible to secure an explosion stroke after each idle stroke. There 
is a power impulse every revolution of the crank sliaft for each cylin- 
der instead of every two turns, and energy is created every t\vo strokes 
of the piston. To accomplish this, w'ork is performed on both sides of 
the piston, as tlie crank case is utilized as well as the part of the 
C 3 dinder above the piston. The top of tliis member compresses the 
charge and receives the pressure of tlie exj^losion, as these two essential 
functions can only take pla(*e in that portion of the cylinder above 
the piston. The crank case •'performs the duty of the inspiration 
stroke, as the mixture is drawn into the engine base by the upwardly 
moving piston. This is done at the same time that the piston is mov- 
ing up to compress vthe gas above it, previously taken in. The views 
at Fig. 48 show tlie principles of ojieration of two-})ort, two-cycle 
engines, while those at Fig. 49 define the fundamentals of three-port 
two-cycle engine operation. The principle in the main is ttfe same 
for both types, the only difference being in the method of introducing 
the gas to the crank case. 

It wall be seen that such engines are very simple, and that the 
pistons, connecting rods, and crank shaft are the only moving parts. 
Instead of valves and operating mechanism to control the gas flow by 
ports, or passages which are cast in the cylinder w^alls about halfway 
down their length are used. The gas is taken into the engine base, 
which is air tight, and of small capacity ; in one case through an aut(v 
matic check valve fitting to which the carburetor is attached. In the 
three-‘port form this valve is eliminated and the carburetor is coupled 
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Fig. 48 .— Defining Two-Port, Two-Cycle Engine Action. 




gasoline 

#» <|9b oylmder. The gas is transferred from the crank case 
Ih'lhe cylinder through a bypass, nr a passage leading from the 
fa^e to the intake port. 

Oonsidering first the action of the two-port, two-cycle type it will 
tie evident that if the base is air tight an upward movement of the 
piston will produce a suction in tiie engine base, drawing the inlet 
valve down from its seat and inspiring a mixture of gasoline and air 
fisem the carburetor. Thus when the piston moves up, the engine 
fills with vapor. On the down movement of tiie piston the gas 
n the crank case is compressed, and when the top of tlie piston reg- 
st^rs with the inlet port in the side of the cylinder tlic mixture will 
;raiisfer to the cylinder above the piston boeause of its pressure. The 
ntake port is opened as the piston side uncovers it. The compres- 
iion in tlie engine base is light compared to that abo\e the piston. 
iV'hile the compression pressure before ignition may be as high as 
ughty pounds per square inch, that in the engine base necessary to 
nsure prompt transfer of the charge seldom exceeds ten pounds. The 
iperation of this type engine is not difficult to understand. 

Beferring to Fig. 48, A, we will assume that there is a compressed 
iharge of gas aliove tlie top of the piston, and that the crank case is 
Hill of mixture. The spark occurs at the spark plug and the resulting 
ixplosion forces the piston down on its power stroke, this movement 
ilso compressing the gas already in the engine base. When the piston 
mcovers the exhailst port it begins to open before the intake port is 
mcovered and the burned gases escape to the air because of their 
iressure. After the exhaust port has been open for a small period 
;he inlet port is uncovered by the piston whk'h is still on its downward 
novement. The compressed gas in the case flows through the bypass 
ind into the cylinder* It cannot escape out of the open exhaust port 
ipposite, because the deflector directs the gases toward the top of 
lie cylinder. The fresh gas coming in tends to force out any of the 
)umed residue which tends to remain. As the piston rises on the 
•eturn stroke both ports are closed and the 'gas in the cylinder is com-^ 
ireased. Simultaneously with the gas compression the partial vacuum 
jreated in the engine base draws in new mixture from the carburetor 
;hrough the open check valve. 

Three-port engine operation, as shown at Fig. 49, is very similar 
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Fig. 49.— lowing Three-Porti Xwo-Qrcle l&igiiie Operatioii* 
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to that previously described, except that the intake port in the cylin- 
der ip which the carburetor is coupled is uncovered by the piston only 
when it has traveled up in tlie cylinder. There is a pronounced 
vacuum in the crank case when this port is uncovered and the rapid 
rush of gas insures quick charging. The three-port engine is con- 
sideralfly faster than the two-port type, and is more popular for motor- 
car service. In the three-port form of engine the mixture rushes in 
to fill the engine base as a body, whereas in the two-port type it is 
drawn in gradually during the whole upstroke of the piston. 

If the reader compares the views of the simple two-cycle engines 
shown, Avith the four-cycle types previously described, it will be seen 
that the former are simpler, because many of tlie small parts necessary 
for the successful action of a four-stroke motor are not needed in 
the two-stroke motor. The valves and operating me(*lianism are dis- 
pensed with, which means elimination of the cam shafts, driA'ing gear- 
ing, cams, and push rods, incidental to valve operation. As the cylin- 
der of the two-cyde engine is charged and cleaned through simple 
ports which are but orifices left after cutting away part of the cylinder 
wall, the gas can be introduced and discharged with much less mech- 
anism. The ports are covered by the piston until the time comes 
when they are needed. In the two-port form both openings are 
opened fully only when the piston reaches the end of the downstroke, 
but in the three-port motor the remaining opening through which the 
crank case is charged is uncovered when the piston reaches the end 
of its upward movement. 

The dmplc forms of two-cycle motors descri])ed have been replaced 
in some cases by types in which the preliminary compression of gas 
in the crank case has been eliminated. This is accomplished by the 
use of a two-diameter piston, as shown at Fig. 50. The cylinder 
proper consists of an upper and lower chamber. The small portion 
of the piston fits the upper cylinder while the enlarged part fits the 
lower end. Instead of the gas being inspired into the engine base 
it is drawn into the enlarged portion of the cylinder. It has been diffi- 
cult to maintain regularity of two-cycle motor action when crank^case 
compression was used, because any leakage at the bearings, or pack- 
ings in the crank case, meant a reduction in vacuum and made for 
uncertain charging. 
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With the construction outlined at Kig. 60, the gas is taken into ' 
the large portion of the nidan cylinder, and as the pumping piston ' 
is provided with packing rings' jasi as the working piston is, it is 
not diflScult to keep a tight charging chamber. The positions of the 
pistons in the various cylindprs of a four-(‘viinder motor using a dif- 
ferential piston arraageinent'aie shown at Fig. 50. It will be seen thajk 
a rotary distributing vahe must used to permit the gas to enter 
tlie pump cylinder and flow into tlie u^orking cylinfler at the right 
time ; this is turned hy gearing from the crank shaft. 



Fig. 50. — Explaining Action of Differential Piston T3rpe of Two-Cycle Engine. 


At A the piston is going up and a charge of gas is being com- 
pressed ill both the working e}linder and tlie pump cylinder. At 
B, which represents tlie section through cylinder No. 2, the piston is 
moving down under the influence of the explosion and the pumping 
piston is drawing in a charge of gas through the distributing valve 
which is in oommunicatioii with the inlet pipe. At C a secti<|n 
through cylinder No. 3 is shown. The working piston in this caso 
has reached the top of its stroke and is ready to receive the impact 
due to the explosion of the charge. At D a section through cylinder 
No. 1 is outlined. The cylinder valve has made communication with 
the pumping chamber of cylinder No. 3, as Bhown at C, and a charge 
of gas is being transferred to the working cylinder No. 1. The 
burned gases are expelled through the open exhaust port in the usual 
manner and admitted by the customary intake port adjacent to the 
deflector plate. The action in this type of engine may be easily iin- 
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if 6ae comiders that the pumping chamber of one cylinder is 
employed to draw in gas and compress it prior to transferring it to 
the yrprking chamber of another cylinder. 

Why Two-Cycle Motor is not Widely Used. — It has been previously 
stated that the four-cycle motor is almost universally used, and to 
propdtly, imderstand the reason for the preponderance of this type 
over the simpler two-cycle forms it is necessary to compare tlie actual 
results obtained from the two-stroke motor in ordinary practice with 
the ^vantages a purely theoretical consideration will give it. There 
are a nupgiber of p;roblems to be solved before the two-cycle motor will 
^compare Vith the other type in efficiency. To obtain maximum power 
it is necessaiy that a full charge of explosive gas enter the cylinder; 
that this mixture must be properly proportioned; that it should be 
compacted to a certain point before ignition, and that it must be 
ignited promptly and at the proper time. In order to obtain a full 
charge of pure mixture it is evident that the exhaust gases must be 
entirely expelled from the cylinder in order that the incoming fresh 
gas will not be contaminated by mixing with the dead products of 
combustion. 

It is much more difficult to secure a full charge of clean mixture 
with a two-cycle engine than with a four-cycle. In the former, the 
charging with fresh gases and expulsion of dead gases must take place 
in half the time allowed in the latter form, and the piston does not 
pump in a charge^^or force the burned gases out of the cylinder, as is 
•the case with a four-stroke engine. As the two-cycle motor does not 
fully expel the burned products it cannot run as fast because of a 
tendency to choke up at high speeds. In the four-cycle engine a full 
stroke of the piston is employed in emptying the cylinder, and the 
natural gas pressure is increased by the reduction of cylinder volume 
caused by the upwardly moving piston. 

In the two-cycle forms the burned gas is discharged through the 
open exhaust port by its own pressure. If prompt charging and 
clearing of the cylinder was the only problem to be solved in securing, 
efficient action it would not be difficult to provide large enough ports 
to attain this end. The port size must be restricted, however, ana 
carefully proportioned because as both intake and exhaust passages 
are jincovered by the piston at practically the same time a large por- 
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tion of the incoming gas mav be discharged .with the baraed product, 
this making for a large fuel consumption and material reduction xk 
efficiency. As the gas is not perfectly dean and pure, some difficulty 
may be experienced in igniting it Troaible is also experienced , 
the cooling, lubrication, aB<1 carbrretimi gioups. as most two-cyde * 
motors have peculiarities which make proper oiling and gas supjdy 
difficult. 

Most automobile designers liavc adopted the four-<3ycle pondf^er 
plant, because it has been perfected to a greater degree than the t#o- 
cycle, and is easier to keep adjusted and in good running condition. 
Though the two-cycle motor is undoubtedly the simplest form, it is 
liable to be erratic in operation and it is sometimes difficult to locate 
the trouble positively. They consume more fuel than the four-cycle 
engine of the same power and are not so economical as regards use 
of lubricating oil. Various t}^pes of two-cycle engines which have 
been designed for automobile use will be described in a following 
chapter. 

Power Plant Installation. — The method of installing the power 
plant varies on different types of automobiles, though the majority of 
cars have the engine placed at the extreme front end of the chassis. 
In some types of cars wliere single or double cylinder motors of the 
horizontal type are used tlie motor is placed under the body. This 
type of construction ivS nearly obsolete at tliis time, and is found only 
on early forms of vehicles and one or two commercial cars. 

The power ])lant is sometimes combined with the clutch and 
change speed gearing in such a way as to form a unit construction. 
This method of joining the parts is widely used at the present time, 
and is superior to the other common method where the motor Ipid 
change speed gears are independent units. Each method has adyiuu- 
tages. As will be seen by inspecting Fig. 61, A, when the gearset 
and motor are separate the transmission may be removed from the 
chassis frame without disturbing the power plant and vice versa. At 
the other hand, when the unit construction, as shown at B, is em- 
ployed, it is sometimes difficult to remove one member without having 
to take the entire unit from the frame. 

The unit construction has the advantage of retaining positive 
alignment of the gearset with the engine Indefinitely. This relation 
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bett^e^n the parts is 'obtained when they are first assembled and the 
alignment cannot be changed by any condition of operation after the 
. nnit is installed in the frame. This method of mounting also per- 
mits the three-point suspension which is very desira1)le. For in- 
stancey the power plant shown at A is supported on four points and 
the gearset is supported on another series of four points. While the 
tendency of these members is to brace tlie frame and prevent dis- 



Fig. W. — ^Defining Advantages of Unit Power Plant Construction when Sup- 
ported on Three Points. 

alignment, it is possible on extremely rough roads foi the frame 
distortion to vary the relation of the transmission and engine shaft 
to some extent. Where a three-point suspension is employed, as out- 
lined at B, the frame distortion will not impose stress on the mdi- 
ridual members of the power plant because in a rigid unit construc- 
tion all parts must remain in alignment. The advantages of this 
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design are becoming better ^appreciated and it is ’','ideiy used at .^ 
present time. < ’ ' i 





Fig. 62. — ^Four-Cylinder Power Plant and Transmission Unit Adapted for Three- 

Point Support 


At Fig. 52, a typical foiir-cyliiuler power plant and transmission 
unit adapted for tliree-point support is clearly shown, while at Fig. 53 
a six-eylinder unit power plant which is designed for attachment to 
tlie frame at four points is illustrated. To show the method of power- 



Fig. 63.—Six-Cylinder Unit Power Plant Utilized in Knox Motor Car is Sup- 
ported by Four Poinip* 




1^— Views of Typical Power Plant as IiistaUed in Motor-Car Frame, 
Hie CcmmoB MelSicKi of Ins^dlation in Pleasure Cars* 

' ^ ^ ‘ 140 ’ 
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plant installation that is ^narally employofl, libe views at Pig. 54 Ate ^ 
presented^ these representing a typical 7(>nr-cj|lmiier power plant 
viewed from the front and rear, showing clearlyHhe method of sup- 
porting the engine base by four arms And also outlining the position 
of the various auj^iliary components. In some types of commercial 
vehicles the motor is installed at the front end under the hood as 
in pleasure car practice, but in other ca«e«! it is placed at practically 
the same point but under floor boards or driver^s seat. 

The advantages of the motor under the seat location may be ^evy 
well summed up by saying that it permits more loading space and 
less over all or wiirel base for a given carrying capacity. The shorter 
wheel base vehicle is especially valuable in congested city traffic, be- 
cause it may be more easily controlled when driving in narrow thor- 
oughfares, taking corners, or backing up to a loading platform. The 
main advantage advanced for the motor in front type of commercial 
vehicle is accessibility of power plant, which may be easily reached 
by raising the hood. This feature is not lost when the motor is placed 
under tlie seat, however, because all average adjustments may be made 
by raising the floor boards or by opening a hinged door at the side 
of the motor coiiipartment. Some makers who install the motor under 
the seat arrange the components in such a manner that they may 
be removed as units permitting ready access to the motor and making 
for its prompt removal in event of overhauling or serious accident. 
Such a construction is shown at Fig. 55, which depicts a light truck 
with the seat and dash units removed from the frame. It will be 
seen that the dash unit includes the radiator, control levers, fuel tank 
and frame, for the support of the floor boards. The seat unit is, sep- 
arate and is designed to fit over the dash unit when it is ip plam 03i 
the chassis. 
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Kg. 6S.— ^wiog Mefliod of Installing En^e in light Truck. Seat and Dashboard Units Removed to Ulnstr^ 
Accessibilitv of Ensine if Extensive Repairs are Necessary. 


CHAPTEK Til 

The Principal Parts of Gasoline Engines — Their Design. Constru.iiion . 

Practical Application in Typical Power Plants — Treating of the Cylindei#^ 
Valve System and Valve Timing, Rotary Valve Types, Combination Plsti^n 
and Sleeve Valve Operation, Ring and Distributor Valve Motor Coli- 
struction. 

The improvements noted in the modern internal combustion mo- 
tors liave been due to many conditions. The continual experimenting 
by loading meelianieal minds could have but one ultimate result. The 
parts of the engines have been lightened and strengthened, and 
greater power has been obtained without increasing piston displace- 
ment. A (‘aroful study has been made of the many conditions which 
make for effident motor action, and that the main principles are 
well recognized by all engineers is well shown by the standardization 
of design noted in modem power plants. Tliere are many different 
methods of applying the same principle, and it will be the purpose 
of this chapter to define the ways in which the construction may be 
changed and still achieve the same results. The various components 
may exist in many different forms, and all have tlicir advantages and 
disadvantages; Tliat all methods are practical is best shown by the 
large nunilier of successful cars wliich use radically different designs. 

Methods of Cylinder Construction. — One of the most important 
parts of the gasoline engine and one that lias material bearing up^ 
its efficiency is the cylinder unit. Of late there has been a tendency 
to depart from the previous methods of casting the cylinders individu- 
ally, or in pairs, and make all cylinders a unit or block casting. Some 
typical methods of cylinder construction are shown at Fig, 56, The 
appearance of individual cylinder castings of two different types are 
shown at A and B. In the former, the cylinder and cylinder head 
are cast integral and the valves are supported by inserted cages. In 
tlie cylinder design shown at B, the head member is a separate casting 
from that forming the cylinder, and the valves seat directly in this 
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I Fig. 56. — ^Ciustratisig Biffaring Methods of Cyl- 
inder Constructioii Commonly Employed. A— 
Single or One-C^Under Casting Used on Jack- 
son Cars. B^-~lndiTldual Cylinder Forming 
Part of Knox Power Plant. C— Typical Twin 
Casting Generally Used on Motor Car Ensues/ 
]> — ^Four Cylinders Cast in One Block, a Fea- 
ture of the Chahn^ ** 50 ” Motor. 
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member. It is held to the cyUrder by meens of four The 

casting sho^^m at C comprises two cylindert and is the 
That at I) is a block casting In which the four cylinders ar6 cast 
together and conforms to up-to-date piactice. 

Considered from a pnrely tbeoretiral point of view the individual 
cylinder casting has much in its faxor. It is advanced that more 
uniform cooling is pos^^iMe than where tlie cylinders ar** cast either 
in pairs or three or four in one casting. More uniform cooling in- 
sures that the expansion or cliange of form due to heating will be 
more equal. This is an important condition because the cylinder bore 
must remain true under all conditions of operation. If the heating 
effect is not uniform, which condition is liable to obtain if metal is 
not evenly distributed, the cylinder may become distorted by heat 
and the bore be out of truth. When separate cylinders are used it is 
possible to make a uniform water space and have the cooling liquid 
evenly distributed around the cylinder. In multiple cylinder castings 
this is not always the rule, as in many instances, especially in four- 
cylinder block motors where compactness ib the main feature, there is 
no space betw een the cylinders for the passage of water. Under such 
circumstances the cooling effect is not even, and the stresses which 
obtain because of unequal expansion may distort the cylinder to some 
extent. 

The advantage of casting the cylinders in blocks is that a motor 
may be much sliorter than it would be if individual castings were 
used. It is admitted that when the cylinders are cast together 
a more compact, rigid, and stronger power plant is obtained than 
when cast separately. There is a disadvantage, however, in that if one 
cylinder becomes damaged it will be necessary to replace the iiatm 
unit, which means scrapping three good cylinders because one of thr 
four has failed. When the cylinders are cast separately one neec 
only replace that one that has become damaged. The casting of fom 
cylinders in one unit is made possible by improved foundry methods 
and when proper provision is made for holding the cores when th< 
metal is poured and the cylinder casts good, the construction i 
one of distinct merit. It is sometimes the case that the proportioi 
of sound castings is less when cylinders are cast vk block, but if th 
proper precautions are observed in molding and the proper mixture 
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of cast iron used, the ratio of defective castings is no more than when 
t^Iindeis are molded individually. As an example of the courage of 
mode^ motor-car engineers in departing from old-established rules, 
the cylinder casting shown at Fig. 57 may be considered typical. This 
is a rei^jarkable departure from standard construction, because not only 



Fig. 57. — ^Block Casting of Everitt Six,” a Remarkable Innovation in Motor 
Design Because Six Cylinders, Upper Part of Crank Case and Inlet and 
Exhaust Manifolds are deluded in One Casting* 


the six cylinders are cast in a block but the upper part of the*engine 
base and the inlet and exhaust manifold are also included in the one 
casting. 

A method of construction which is attracting some attention at 
the , present time is that shown at Fig. 58. This is a four-cylinder 
motor in which the four cylinders and the top half of the crank case 
are cast together, but it employs a separately cast head member which 
is common to all cylinders. This is held to the cylinder casting by 
means of a series of bolts, and a copper-asbestos gasket, or packing, 
is utilised in making a gas- and water-tight joint between the parts. 
The advantage of this construction is that it permits ready access to 
pistons and valves without dismantling the entire motor as is neces- 
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Bary when the conventi(»al . form of -cylinder casting is, employed. 
This type of constmctiop is' also used on s me motors having indi- 
vidually cast cylinders. The member shown at Fig. 56, B, wlii<4 , 
forms a part of Knox power plant, has r se))arately cast head, and 
this construction is also dollowed in the sleeve valve motors of the 
Knight type previously described, and in the Argv'le motor which is 
illustrated at Fig. 5!t. 



Fig. 68.— Example of Four-Cylinder Block Motor having One Separatdy 'tiast 
Head Member Common to All Cylinders. A Copper-Asbestos Gaidtet 
Utilized in Mairing a Gas- and Water-Tight Joint Between the Parts. Note ' 
Accessibility of Pistons and Valves. 

It is common practice to cast the water jackets integral with the 
cylinders, and this is also the most economical method of applying it 
because it gives good results in practice; An importwit detail is that 
the water spaces must be proportioned ^ that they are equal around, 
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y4he <:5ylmders wiietier these members are dist individually, in pairs, 

; threes or fours. When cylinders are cast in block form it is good prac- 
; tice to leave a ^rge opening in the jacket wall which will assist in 
supporting the core and make for uniform water space. It will be 
hptj^ that the casting shown at Fig. 56, D, has a large opening in 
the side, of the cylinder block. These openings are closed after the 
, interior of the casting is thoroughly cleaned of all sand, core wire, etc., 
by Imss, cast iron or aluminum plates. These also have particular 
value in that they may be removed after the motor has been in use, 
thus permitting one to clean out the interior of the water jacket and 
^ dispose of the rust, sediment, and incrustation which are always present 
after the engine has been in active service for a time. 

Among the advantages claimed for the practice of casting cylinders 
in blocks may be mentioned compactness, lightness, rigidity, simplic- 
ity of water piping, as well as permitting the use of simple forms of 
inlet and exhaust manifolds. The light weight is not only due to the 
reduction of the cylinder mass but because the block construction per- 
mits one to lighten the entire motor. The fact that all cylinders are 
east together decreases vibration, and as the construction is very rigid, 
disalignment of working parts is practically eliminated. When inlet 
and exhaust manifolds are cored in the block casting, as is sometimes 
the case, but one joint is needed on each of these instead of the multi- 
plicity of joints wMch obtain when the cylinders are individual cast- 
ings. The water piping is also simplified. In the case of a four- 
cylinder block motor but two pipes are used; one for the water to 
enter the cylinder jacket, the other for tho cooling liquid to discharge 
through. . 

lufiuence on Crank-Shaft Design. — ^The method of casting the cylin- 
ders has^a material influence on the design of the crank shaft as will 
be^ shown in proper sequence. When four cylinders are combined in 
one block it is possible to use a two-bearing crank shaft. Where cylin- 
ders kre cast in pairs a three-bearing crank shaft is commonly sup- ., 
^ pHed, fed when cylinders are cast as individual units it is thought 
necessaiy to supply a flve-bearing crank shaft, though sometimes 
shafts .having but three journals are used successfully. Obviously the 
jfaaf stronger and stiffer 'to withstand the stresses imposed 
if two -supporting bearings used than if a larger number are em- 




Fig. 59.— Showing Separate Head CoiMtractiA^^ol Argyl Sleeve Valve 
Made Heceasary by tTse it Sleeve. 
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In this eonneotion it may be stated that there is less difficulty 
M^ecuring alignment with a lesser number of bearings and there is 
also less friction. At the other hand, the greater the number of points 
of support a crank shaft has the lighter the webs can be made and still 
have requisite strength. 

Combustion Chamber Design. — Another point of importance in the 
design of the cylinder and one which has considerable inlliience upon 
the power developed, is the shape of the combustion (‘haiiiber. The 
endeavor of designers is to obtain maximum power from a cylinder of 
certain proportions, and the greater energy obtained without increas- 
ing piston displacement or fuel consumption the higher tlie efficiency 
of the ihotor. To prevent troubles due to preignition it is necessary 
that the combustion chamber be made so that there will be no rough- 
ness, sharp comers, or edges of metal which may remain incandescent 
when heated or which will serve to collect carbon deposits by provid- 
ing point of anchorage. With the object of providing an absolutely 
clean combustion chamber some makers use a separable head unit 
such as shown at Fig. 56, B,' and Figs. 58 and 59. These permit one 
to machine the entire interior of the cylinder and combustion chamber. 
The relation of valve location and combustion cbain])er design will be 
considered in proper sequence. 

Bore and Stroke Eatio. — A question that has been a vexed one and 
which has been the subject of considerable controversy is the proy)er 
proportion of the I)ore to the stroke. The early gas engines had a 
certain well-defined bore to stroke ratio, as it was usual at that time 
to make the stroke twice as long as the bore was wide, but this cannot 
be done when high speed is desired. With the dcvelopmenl of the 
present-day motor the stroke or piston travel has been gradually short-* 
ened so that the relative proportions of bore and stroke have become 
nearly equal. Of late there seems to he a tendency among designers 
to return to the proportions which formerly obtained and the stroke 
is sometimes one and a half or one and three-quarter times the bore. 

Engines designed for high speed should have the stroke not miichy 
longer than the diameter of the bore. The disadvantage of short- 
sitroke engines is that they will not pull well at low speeds, though 
they run with great regularity and smoothness at high velocity. The 
long-stroke engine is much superior for slow speed work, and it will 
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pull steadily and with in<53*Gasing power at low speed. It was fomierljr 

thought tliat such engines i^iiould never turn more than a moderate 
number of revolutions in order not to ex(*erd the safe piston Speeds 



Fig. 60.— Section Through Sheffield Simplex (English) Engine, Presented t< 
Show Excellent Proportions of Water-jacket Spaces and Easy Gas Passaget 
Leading to Valve Chest. 


While both short-, and long-stroke motors have their advantages ii 
would seem desirable -to average between the two. That is wh] 
a proportion of four to five or six seems to be more general than thai 





The Antomob^B 

e&im or eight, rdxihh would be a Icmg-stroke ratio. At Fig. 
fi a seetiwi through the cylinder of a Sizaire-Naudm motor is shown. 



Cranhahaft 


Fl^ 61. — Secticm Through Sizaire-Naudin (French) Motor, Showing a Typical^ 
Smah-Bor^ Long-Stroke Cyiiader. 


This illustrates a typical small-bore, long-stroke design which lias^ 
worked very well even at high speeds. That at Fig. 62 is also a long- 
stroke type. ; 
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Xeuinf of Bbrton Speed. — 'The factot ’rhicli limits the eixoloeeaid , 
makes the speed of rotation so dependent upon the travel of the piatim 
is piston speed. Heretofore, it has been considered desirable not to 
exceed a speed of one thousand feet per minute, which has been 
termined to make for 
greatest efficiency, com- 
bined with endurance, 
by many authorities on 
design and construction 
of internal combustion 
motors. During the past 
few years there have 
been instances where en- 
gines were giving satis- 
factory service with pis- 
ton speed of 1,200 to 
1,500 feet per minute. 

Lubrication is the main 
factor which determines 
piston speed, and the 
higher the rate of piston 
travel the greater care 
must be taken to insure 
proper oiling. Let us 
fully consider what is 
meant by piston speed. 

Assume that a motor 
has a piston travel or 
stroke of six inches, 
for the sake of illustra- 
tion. It would take two 
strokes of the piston to 
cover one foot, or twelve 
inches, and as there are 
two strokes to a revo- 
lution it will be seen that this permits ^ a normal speed of 1,000 
revolutions per minute for an engine wi% a six-^inch stroke. If the 



Fig. 62. — End View Humber (EaglisAi) Molori 
Depicting Offset Cj^der Constructiom 
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stroke was only four ifiches, a normal speed of 1,500 revolutions per 
minute would be possible 'without exceeding the prescribed limit. The 
crank shaft of a small engine, having three-inch stroke, could turn at 
a speed of !^,000 revolutions per minute without danger of exceeding 
the safe speed limit. It will be seen that the longer the stroke the 
slower \he speed of the engine, if one desires to keep the piston speed 
within the bounds as recommended. 

Adviuatages of Off-Set Cylinders. — Another point upon which con- 
siderable difference of opinion exists relates to the method of placing 
the cylinder u^n the crank case — ^i. e., whether its center line should be 
placed directly over the center of the crank shaft, or to one side of 
center. The motor shown at Fig. 62 is an joff-set type, in that the cen- 
ter line of the cylinder is a little to one side of the center of the 
crank shaft. Diagrams are presented at Fig. 63 which show the ad- 
vantages of off-set crank-shaft construction. The view at A is a se(*- 
tion through a simple motor with the conventional cylinder placing, 
the center line of both crank shaft and cylinder coinciding. The view 
at B shows the cylinder placed to one side of center so that its center 
line is distinct from that of the crank shaft and at some distance from 
it. The amount of offset allq^wed is a point of contention, the usual 
amount being from fifteen to twenty-five per cent of the stroke. The 
advantages of the offset are shown at Fig. 63, C. If the crank turns 
in direction of the arrow there is a certain resistance to motion which 
is proportional to the amount of energy exerted by the engine and the 
resistance offered by the load. There are two thrusts acting against 
the cylinder wall to be considered, that due to explosion or expansion 
of the gas and that which resists the motion of the piston. These 
thrusts may be represented by arrows, one which acts directly in a 
vertical direction on the piston top, the other along a straight line 
through the center of the connecting rod. Between these two thrusts 
one can draw a line representing a resultant force which serves to 
bring the piston in forcible contact with one side of .the cylinder wall, 
this being known as side thrust. As shown at C, the crank shaft is at 
90 degrees or about one-half stroke and the connecting rod is at 20 de- 
grees angle. The shorter connecting rod would increase the diagontil 
resultant and side thrusts while a longer one would reduce the angle 
of the connecting rod and the side thrust of the piston would be 
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less. With the olf-set cAstnietion, a8,,silbw» at, D, it will be noticed 
that with the same connectiifg rod length as shown at C and with the 
crank shaft at 90 degrees of tlie circle that the connecting rod angle' in 
14 degrees and the side thrust is reduced i)roportionately. 



Another important advantage is that greater efficiency is obtained 
from the explosion with an off-set crank shaft, because the crank is 
already inclined when the piston is at tpp center and all the energy 
imparted to the piston by the burning mixture can be exerted directly 
into producing a useful turning effort. When a cylinder is pla^d di- 
rectly on a line with the crank shaft, as ^own at A, it will be evid^t 
that some of the force produced by the expansion of the gas will be 
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iexferted in a direcjt until the cr|pk mo.es the craxik ih|dTir^^ 

and connecting red are firadti^aliy a solid Vnember . Th# preeanre" 
which might be einployed in obijfining useful turning effort is wkrted> 
|>y causing a direct pressure upon the lower half of the main bearing 
. and the upper half of the orank-pin bushing. 

Very good and easily understood illustrations showing advant^ea 
of the oflE-set construction are shown at E and P. This is a bi<^cle 



Fig. 65.— Section Through Typical Four-Cylinder Block Motor with Tl|tee- 

Bearing Crank Shaft. 


crank hanger. It is advanced that the effort of the rider is not as will, 
applied when the crank is at position E as when it is at position P. 
Position E corresponds to the position of the parts when the cylinder 
is placed directly over the crank-shaft center. Position P may be 
compared to the condition which is present when the off-set cylinder 
construction is used. 

Influence of Cylinder Construction on Be$%n.--To show the 

manner in which the various methods of ousting cylinders previously 
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Jefined may alter engiu^ri^^ign iloiiie views ot typical pow^ plai^ara 
presjented Thai at; !Fig.,,d4 is a part sectional view of the Sheffield 
Simplex, an English six-cyliitder rftotor. in this the. cylinders are 
cast in blocks Of three, and the motor is composed of two blocks. . ' 

> seven-bearing crank shift is use<l, there being a journal betw^ each 
pair of cylinders in addition to the two end members. A feature of 
tills power plant that may bo oommendod is the exceptionally,. good 
water jacketing of Die cylinders. The water spaces are large ^d all 
parts of tlie cylinder are surrounded by cooling liqui^L ’ 



Jig. 67. — Sectional View of Typical Four-Cylinder Motor Using Individual CyUn- 
der Castings with Cylinder Heads Cast Integral. General Desi gn Fair, 
Excepting that of Connecting Rods. 


At Eig. 65 a section through a tj^pical four-cylinder block motor 
is given. In this power plant a short crank case is used, but the crank 
shaft is supported on three bearings instead of two journals as is com- 
mon practice with four-cylinder motors. To show the use of indi- 
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vidiM castingB the motors shown at T'igs. 66 and 67 are valuable. It 
will be evident if these are compared to Fig. 65 that the motor will 
have a greater overall length than when all cylinders are cast in 
We blpck. In fte motor shown at Fig 66 a five-bearing crank shaft 
employed while that at Fig. 67 uses a three-bearing crank shaft. 
There a number of other constructional details dependent upon 
cylinder design which nierit detailed description such as valve placing 
lirnd W^WiW> crank case design, etc., but these are of sufficient im- 
portance te be discussed in a more comprehensive manner and will be 
c<psiderfi#^)a^ately. 

^ Valve Location of Vital Import. — It has often been said that a chain 
is no stronger than its weakest link and this is as true of the explosive 
motor as it is of any other piece of mechanism. Many motors which 
appeared to be excellently designed and which were well constructed 
did not prove satisfactory, because some minor detail or part had not 
been properly considered by the designer. A factor having material 
bearing upon the efficiency of the internal combustion motor is the 
location of the valves and the shape of the combustion chamber which 
is largely influenced by their placing. The fundamental considerfition 
of valve design is that the gases be admitted and discharged froip, t!^e 
cylinder as quickly as possible in order that the speed of gas flow\will 
not be impeded and produce back pressure. This is imperative ^n ob- 
taining satisfactqiy operation in any form of motor. If the inlet 
passages are constricted the cylinder will not fill with explosive mix- 
ture promptly, whereas if the exhaust gases are not fully expelled the 
parts of “the inert products of combustion retained dilute the fresh 
charge, making it slow burning and causing lost power and overheat- 
ing. When an engine employs water as a cooling medium this sub- 
stance will absorb the surplus heat readily, and the effects of over- 
heating are not noticed as quickly as when air-cooled cylinders aro 
employed. Valve sizes have a decided bearing upon the speed of mo- 
tors and some valve locations permit the use of larger members than do 
o^er positions. 

- ^ I W piston velocity is an important factor in determinations of 
p6#er output it must be considered from the aspect of the wear ‘pro- 
dimed upon the various parts of the motor. It is evident that engine 
which run very fast, especially of high power, must be under a greatex 
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strain than those • operat%^^’ ,at lower speeds* i'he valve-operatln^^ 

mechanism is especially susceptible to the influehct of rapid n^pve::' 
ment, and the slow er the engine tihe longer the parts will wear and 
more reliable the valve action. 

As will be seen by reference to the accompanying illustrations^ 
there are many ways in which valves may be placed in the cylii^der. 
Each method outlined possesses some point of advantage because 
all of the types illustrated are used by reputable automobile manu- 
facturers. The method outlined at Pig. 68, A, is widely used and 
because of its shape the cylinder is known as the “ T ’’ form. It 
is approved for several reasons, the most important being that large 
valves can be employed and a well-balanced and symmetrical cylinder 
casting obtained. Two independent cam shafts are needed, one op- 
erating the inlet valves, the other the exhaust members. The valve- 
operating mechanism can be very simple in form, consisting of a 
plunger actuated by the cam which transmits the cam motion to the 
valve stem, raising the valve as the cam follower rides on the point of 
the cam. Piping may l)e placed without crowding, and larger mani- 
folds can be fitted than in some other constructions. This has special 
value, as it permits the use of an adequate discharge pipe on the ex- 
haust side witli its obvious advantages. 

At the other hand, if considered from a viewpoint of actual heat 
efficiency, it is theoretically the w'orst form of combustion chamber. 
This disadvantage is probably compensated for by uniformity of ex- 
pansion of tlie (cylinder because of balanced design. The ignition 
spark plug may be loc^ated directly over the inlet valve in the path of 
the incoming fresh gases, and both valves may be easily removed^and 
inspected by unscrewing the valve caps without taking off the 
folds. ! , 

The valve installation shown at D is somewhat unusual, though it 
provides for the use of valves of large diameter. Easy charging is 
insured because of the large inlet valve directly in the top of the cyl- 
inder. Conditions may be reversed if necessary, and the gases dis- 
charged through this large valve. Both methods are used, though it 
would seem that the free exhaust provided by allowing the gases to 
escape directly from the combustion chamber through the overhead 
valve to the exliaust manifold wnuld mi^ke for more power. The 
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incotning frash gas cannot fail to flow into the cylinder easily, heOflilef 
it is drawn into the cylinder bv the pumping action of the piats&liu 
whereas if the ineit gas is not expelled promptly the factor of back- 



Figs 69s — Benz Bacing Motor, Presented to Shew Method of Valve Plaoing $a 
these Members Open Dlrecdy into the Cylinder Head. 
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pressure is of some importance. The method outlined art Fig. 69 is 

thajj; has been widely employed on large racing motors where ex- 
eme^'power as required as well as in engines constructed for regular 
sernce. The inclination of the Talve cages permits tlie use of large 
.valves and these open directly into tlie combustion cham])er. There 
are no pockets to retain heat or dead gas, and free intake and outlet of 
gas is obtained. This form is quite satisfactory from a theoretical 
point of view because of the almost ideal combustion chamber form. 
Some difficulty is experienced, however, in properly water- jacketing 
the valve chamber which experience has shown to be necessary if the 
^ engine is to have high power. 

The motor shown at Fig. 62 employ^ a cylinder of the “L” type. 
^Both valves are pla(*ed in a common extension from the combustion 
chamber, and being located side by side both are actuated from a com- 
mon cam shaft. The inlet and exhaust 2 )ipcs are i)laeed on the same 
side of the engine and a very compact assemblage is obtained. The 
valves may be easily removed if desired, and the construction is fairly 
good from the Adew])oint of both foundry man and machinist. The 
chief disadvantage is the limited area of the valves and the loss of 
heat efficiency due to the pO(‘ket. This form of combustion chamber, 
however, is more efficient than the T ’’ head (‘oiistruction, though 
with the latter the use of larger valves prol)ably compensates for the 
greater heat loss. It has been stated as an advantage* of this construc- 
, tion that both manifolds can be placed at tbo same side of the engine 
and a compact a«^sembly secured. At the other band, the disadvantage 
may be cited that in order to ])ut both ])i])(*s on the saiiiQ side they 
must be (;f smaller size than can he used when the valves are oppo- 
sitely placed. The L ’’ form cylinder may he made more efficient if 
but one valve is placed in the pocket while the oilier is placed in the 
cylinder head. This construction is well shown at Pig. 70, which is 
a side sectional view of the same motor depicted in end section at Fig. 
68, B. The large valves one can use are well emphasized in this illus- 
tration. 

The method of valve application shown at Pig. 71 is an ingenious 
method of overcoming some of the disadvantages inherent with valve- 
in-the-head motors. In the first place it is possible to water-jacket the 
valves thoroughly, which is difficult to accomplish when they are 
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mounted in cage%. The V^ ater circulates directly around the wcdla <jF 
the valve chambers which is superior to a cf iisti^ction where sepArai» 
cages are used, as there are two thicknesses of metal with the lattgf, * 



Fig. 70. — Part Sectional View of Bergdoll Motor, Showing Placing of Valves. 
The Exhaust Member is Fitted in a Side Pocket of the L Cylinder. The 
Inlet Valve is Placed Directly in the Center of the Combustion Chamber* 


that of the valve cage proper and the wall of the cylinder. The cool* 
ing medium is in contact only with the outer wall, and as there is 
always a loss of heat conductivity at a joint it is practically impossi- 
ble to keep the exhaust valves and their; seats at a uniform temper-; 
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Jig. 78. — Section Through Cylinder of Hudson Car. A Typical Form Having^ 
L-shaped Cylinder with laiet and Exhaust Valves on Same Side of Cylinder* 
and Actuated from Common Cam Sl^t. Note Plate Used to Enclose 
Valve Springs. 
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leaves its seat in the cylinder the passage of cool gas around the sle<^ve 
keeps the temperature of both^vslv^b to a low point and the danger of 
warping is uiinimized. A dome-shaped combustion chamber may be 
used which is an ideal form in conserving heat efficiency and as large 
valves may be installed tho ilow of bo4n fresh axid exhaust gases may 
be obtained with minimum resistance. 

At Pig. 73 a section through a typical ^^L”-shapod cylinder^ is 
depicted. It will be evident that where a pocket construction is em- 
ployed in addition to its faculty for absorbing heat, the passage of 
gas would be impeded. For example, the inlet gas rushing in through 
the open valve would imiiinge sharply upon the valve cap directly 
over tlie valve and then must turn at a sharp angle to enter the com- 
bustion chamber and tlien at anoiher sharp angle to fill the cylinders. 
Tlie same conditions apply to the exhaust gases, though they are re- 
versed. When the val\e-in-the-head type of cylinder is employed the 
only resistance offered tlic gas is in the manifold. As far as the pas- 
sage of the gases in and out of the cylinder is concerned ideal condi- 
tions obtain. It is claimed that vahe-in-tlie-head motors are more 
flexible and responsive than other forms but the construction has the 
disadvantage in tliat the vahes must bo opened through a rather 
complicated system of push rods and roci^er arms instead of the sim- 
pler and direct plunger whidi can be used ^vith either the T ” or 
L liead (ylinders. 

Valve Design and Construction. — A’^alve dimensions are an im- 
portant detail to bo considered and can be determined by several con- 
ditions, among which may be cited method of installation, operating 
meclianistii, material employed, engine speed desired, manner of cyl- 
inder cooling, and degree of lift desired. A review of various method^^ 
of valve location has shown that when the valves are placed directly in 
tlie head, we can obtain the ideal cylinder form though larger valves 
may be used if housed in a separate pocket, as afforded by the T 
head construction. The method of operation has much to do with 
tlie size of the valves. For example, if an automatic inlet valve is 
employed it is good practic^e to limit the lift and obtain the required 
area of port opening by augmenting the diameter. Because of this a 
valve of the automatic type is usually made twenty per cent larger 
than one mechanically operated. When both are actuated by cam 
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,feechanifim, as is now common practi<^, they are usually made the 
fihse and are interchangeable, which greatly simplifies manufac- 
ture; The relation of valve diameter to cylinder bore is one that has 
been "discussed for some time by engineers. The writer^s experience 
WOuli^ indicate that they should be at least half the bore, if possible. 
The larger the area of the valve the less lift required, and this is an 
important factor where high rotative ^eeds are desired. A valve with 
a small lift will reach its maximum opening sooner and close quicker 
than one with a high lift and small diameter. This will produce less 
wear on the parts and tend to more silent operation. 

/ At the other hand, a large diameter valve is more a]>t to warp than 
a narrower one, and greater care is needed in securing positive cooling 



Pig. 74. — Type of Valves in Common Use. A — One-Piece Steel Valye of Good 
Design which Permits Easy Gas Flow. B — Steel Valve Made by Electric** 
ally Welding a Nickel Steel Head to a Carbon Steel Stem. C — A Con- 
struction Often Employed for Exhaust Valves, a Two-Piece Built-Up Mem- 
ber. D — ^Valve wi^ Flat Seat, Often Used to Admit Mixture to Cylinder. 

when large diameter members are used. While the mushroom type or 
poppet valve has become standard and is the most widely used form at 
the present time, there is some difference of opinion among designer^ 
as to the materials employed and the angle of the seat. Most valves 
have a bevel seat, though some have a flat seating, as shown at I'ig. 
74, D. The flat seat valve has the -distinctive advantage of providing a 
clear opening with lesser lift, this conducing to free gas flow. It also 
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has value becauaeat is sil^t operation, but the disadvantage is ]p®es- 
ent that best material and ^foykmanaiiiip ^Imust ]|e used in. their 
struction to obtain satisfactory results. Ais it call be made veiy 
it is particularly well adapted for use as an automatic inlet 
Among other disadvantages H*itfed is the claim that it is more 
ceptible to derangement owing to the particles of foreign matter ||at- 
ting under the seat. AVith a t)evel seat valve it is argued thatSihe 
foreign matter would be more easily dislodged by the gas flow, Imd 
that the valve would close tighter because it is drawn positively against 
the bevel seat. 

Several methods of valve construction are the vogue, the. most 
popular form being the one-piece type; though those w^hieh are com- 
posed of a liead of one material and stem of another are often used. 
If the built-up construction is favored the head is usually of high 
nickel steel. Monel metal, or oast iron, wdiich metals possess good hdat 
resisting qualities. Heads made of these materials are not likely to 
warp, scale, or pit, as is sometimes the case wdien ordinary grades of 
machinery steel are used, Tlie east-iron head construction is not 
popular because it is often difficult to keep the head tight on the stem. 
There is a sliglit difference in expansion ratio between the head and 
the stem, and as the stem is either screwed or riveted to the cast-iron 
head the constant hammering of the valve against its seat may loosen 
the joint. As soon as the head is loose on the stem the action of the 
valve becomes erratic. 

The valve showm at Fig. 74, A, is made from a forging of thirty-five 
per-cent nickel steel in the large sizes, and is often machined from the* 
bar by automatic machinery in making the smaller sizes. Among i^e 
factors considered in design are to make the stems of ample size so thi^ 
they will not be likely to bend, and to leave enough metal between the 
stem and the head so that the gases may be directed toward the periph- 
ery of the head. This has a tendency to make a slightly heavier vdlve 
than that shown at Fig. 74, B. It is also considered good practice to 
use a domed or arched head instead of one that is perfectly flat, and it 
is advisable to leave the head smooth and without a slotted boss which 
is often left on so that a screw-driver blade can be used to turn the 
Valve when grinding it. AVhen the arched head construction is used 
two small holes may be drilled into it. These have the advantage of 
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; teaviBg no sharp exposed to retaiij heat and cause too early ex- 
; plosions of gas. If desired, a slot may be cut directly in the head and 
*the Talve tamed with a screw-driver. 

The form of valve shown at B is a common one, and its only 
advantage is that the design permits of light construction. The 
slotted h^ss is not desirable for the reason previously outlined, the 
valve head is not as strong as that shown at A and it will warp sooner. 
The point of weakness where the stem joins the head may cause 
trouble. As the gases strike the under surface and are sharply de- 
' fleeted at a sharp angle instead of having an easy flow the passage is 
ebmewhat impeded. The form of construction is a nickel steel head 
electrimlly welded to a machinery steel ^em. The former material 
is a better heat-resisting substance while the softer steel makes a bet- 
ter bearing. The joint is indistinguishable because the ineials are 
fused together, and that point is as strong as any other part of the 
; stem. The valve shown at C is composed of a cast-iron head member 
screwed pn to a steel stem. The construction at 1) is a good example 
of flat seat inlet valve. 



Fig. — ^Forms of Valve-Lifting Cams Generally Employed. A — Cam Profile 

for Long Dwell and Quick Lift. B — Typical Inlet Cam Used with Mush- 
. room Type Follower. C — Average Form of Cam. D — ^Designed to Give 
Quick, Lift and Gradual Closing. 

ifalve Operation. — The methods of valve operation commonly used^ 
vary according to the type of cylinder construction employed. In all 
Oases the valves are lifted from their seats by cam actuated meehan- . 
ism. Tarious forms of valve-lifting cams are shown at Fig. 75. As 
will be seen, a cam consists of a circle to which a raised, approximately 
triangular fliepiber has been added at pm pk)int. Wten the cam foi- 
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lower rides on the circle, as at Pig. 76, there is no difl^enc# In 
height between the cam center and its periphery there , is no mofe?^ 

ment of the plunger. As soon as the raised portioi^l of the .cam striki^ 
the plunger it will lift it, ^nd this reciprocating movement is trans- 
mitted to the valve stem bj^ suitable mechanical connections. $ 
The cam forms outlined at Fig. 75 are those commonly tise4. T&i 
at A is used on engines where it is desired to obtain a quick lift #d 
to keep the valve fully opened as long as possible. It is a noisy fom, 
how'ever, and is not very widely employed. That at B is utilized more 
often as an inlet cam wdiile the profile shown at C is generally de^ 
pended on to operate exliaust valves. The cam shown at I> is a com.- 
posite form which has some of tlie features of the other three types. 
It Avill give tlie quick opening of form A, the gradual closing of form 
B, and the time of niaxinium valve opening provided by cam profile C. 



Fig. 76. — Showing Principal Types of Cam Followers which &avt Reeled 

General Application. 


The various types of valve plungers used are shown at Pigy 76. 
That shown at A is the simplest form, consisting, of a simple cylindri- 
cal member having a rounded end whicl^^ follows the cam. profile.^ 
These are sometimes made of square stoci^r kept from rotating by 
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of a' fey or piuu 4 contact is possible when the plunger is 
fept from turning whereas but a single point bearing is obtained 
wbfe the plunger is cylindrical and free to revolve. The plunger 
shoTO^j^at A will follow only cam profiles which have gradual lifts. 
The fiii^ager shown at B is left free to revolve in the guide bushing 
ahrf if piovided with a flat mushroom head which serves as a cam fol- 
loweiif. iPhe type shown at C carries a roller at its lower end and may 
fallow very irregular cam profiles if abrupt lifts are desired. While 
forms A and B are the simplest, that outlined at C in its various forms 
is more widely used. 

The illustrations at Fig. 77 show some of the different possible 
methods of valve operation. At A the application of a rocker arm 
and tappet rod to operate an overhead valve is clearly depicted. The 
rocker arm is interposed in order that the upward movement of the 
tappet rod will produce a dowm movement of the valve stem. The 
method of valve operation shown at B is possible wdien it is desired 
to -operate both valves of a ^ T head cylinder from a common cam 
shaft. One of the valves is lifted directly by the usual cam actuated 
plunger, while the other member is raised from its seat by a plunger 
operated from the cam through a centrally pivoted simple lever. At 
C the simplest method of valve operation is shown. The cylinder cast- 
ing is a twin L ” form, and the valves are placed side by side in the 
pocket at one side ®f center. They are operated directly by means of 
simple mushroom head plungers guided in bushings secured in bosses 
formed integrally wdth the cylinder base. These plungers bear against 
the lower fed of the valve stems, • 

All the methods in which levers are used to operate valves are more , 
6t less noisy because clearance must be left between the valve stem and 
the top of the plunger. The space must be taken up before the valve 
will leave its seat, and when the engine is operated at high speeds the 
forcible contact between the plunger and valve stem produces a pro- 
nounced hammering sound. At D a method of indirect valve opera- 
tion is shown. The main purpose is to obtain silent working and to 
permit the valves being arranged in any convenient position. Instead 

using direct cam action against the end of the valves, the valves ard 
lifted from thek seats by a liquid under pressure. The cams are 
placed across the front of the engine, though they could be placed at 



Kig. 77.— Defining Different Possible Metliods of Valve Operation. A— Over 
head Valve Actuated hy Rocker Arm, Tappet Rod and Roller Typo Cm 
Follower. B— Botii Valves Operated from One Cam, ** T ” BEead Cylinder 
C— Valves of “ h ** Type Twin Cylinder Caiilng Operated by Mushroon 
Type Cam Followers. D — Suggested Metbollof Indirect Valve Operation 
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"»n.y otiier point so long as they could be conveniently driven from the 
s€i:ank shaft. 

There are eight cams, one for each valve, and under each cam an 
oil force pump is placed. This is connected by a tube to a plunger 
under ^the valve stem. Each pipe is filled with oil, and when the cam 
operates its particular pump the incompressible liquid in the pipe is 
forced against the plunger under the valve and the valve is lifted. In- 
stead of the cam pushing the tappet and the plunger pushing the 
valve, in other constructions described, the cam works a pump and 
this in turn a -tappet. The return of the valve stem is effected by the 
talve springs in the usual way. Each oil pump is also provided with 
a return spring which keeps the roller oli top of the pump plunger 
bearing against the cam. The whole of the cam action is in an oil 
bath and any leakage of liquid from tlie pipes is automatically com- 
pensated for through a simple form of ball valve. Each pipe is 
always full of oil as long as there is any in the bath. 

As it is not possible to compress the liquid, it may be stated broadly 
that the driving effect is the same as thougli the oil pipes were filled 
with steel balls. The simile is not a correct one, because the fiuid 
pressure provides a softness and silence of action which could not be 
very well obtained by direct operation. It is also expected that clear- 
ance between the valve stem and operating plungers will not be neces- 
sary because the slight leakage of working fluid will compensate for 
any expansion of the valves and the resulting lengthening of the stems 
automatically. It is not expected that this method of valve operation 
will be used to any extent because the mechanism is more complicated 
than when simple direct lift plungers are employed. With modern 
forms of plungers which are provided witli suitable adjusting features 
which make it possible to maintain a minimum clearance between valve 
stem and lifting member, the valve action is silent enough so that it 
would not pay to introduce a complicated hydraulic system as that 
described. This has been presented mainly to show that valves may be^ 
operated by other means than direct cam and plunger action. 

We have seen that the method of valve placing has material bear-' 
ing on the system of valve-actuating mechanism employed. At I^g. 
78 the various methods of valve installation a^, pfesented in diagram- 
matic form and will assist the reader in obtaining a clear idea of the 
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valve placings mo^t coimiioxily used. Witli^ thi head cylinder 'as 
shown at A separate cam. shafts are usually employed and the valvea 
are raised by direct lift plungers. The head cylinder as de-v 



Fig. 78.— “Diagram Showing Forms of Cylinder Demanded by Different Valve 
Placings. A — T Head Type, Valves on Opposite Sides. B — Head 
Cylinder, Valves Side by Side. C — L Head Cylinder, One Valve in Headi 
Other in Pocket. D — Inlet Valve Over Eihaust Member, Both 2n Side 
Pocket. E—Valve-ift-the-Head Type with Vertical Valves. F— Inclhied 
Valves Placed to Open Directly into Combdition Chamber. 
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' jjpicted at B calljs for but one cam abaft, mid as is true of the prerioua 
<6086 the valves may be lifted directly from their seats by a simple cam 
vfoHoiVfer. At 0 the valve location demands the use of an overhead 
rocker arm which may be actuated from the same cam shaft which is 
employed to raise the exhaust valve from its seat* At D a method 
f iDf Valye placing is shown which is very popular on small motors used 
; for jho^rcycle propulsion. The inlet valve is placed directly over 
the ei^aust member and may be automatically operated or may be de- 
pressed by the conventional form of rocker arm. When overhead valves 
are;used, as shown at E, two rocker arm assemblies are needed and 
Jmth valves are operated from a common cam shaft. With the form 
'"shown at P having inclined valves two ^ets of rocker arms may be 



T9.~-Cam Shaft and Valve Operating Hunger Case of Hupp Motori a Separ- 
ate Member. Hote Simple Tjpt of Cam Follower. 


usejl actuated by two cam shafts, one on each side of the motor. 
Sometimes a single rocker arm is fulcrumed at the center, having 
one extremity bearing on each valve stem. The lever is rocked by a 
special form of cam provided with a depression as well as a raised ; 
' portion. ^Vhen the tappet rod is raised it may depress one of the 
valves, whereas when the cam follower drops in the depression 
:the cam the other end of the rocker arm will fall and open the other 

A mm case assembly, such as used on the Hupp motor, is shown at 
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Pig. 79. This ifiltelt^toKhe side <>f the eiigliiebaeVamd the l$rge]|faar^ 
attached to the cam shaft is drnen from a^Kuitable gear on the crania 
shaft at half the engine speed. The cam followers aie the simple fmrA" 
shown at Fig. 76, A. Th^ are provided with a fiber inset at theiJr top 
end which comes into contact with the val\e stem. The use of this 
material tends to reduce noise which w’^onld be present if two 
came in contact. i 

Methods of Driving Cam Shaft. — ^Two systems of cam shaft opeta* 
tion are used. The most common of these is by means of geaiing of 
some form. If the cam shaft is at right angles to the crank shaft it 
may be dri^ on by worm, spiral, or bevel gearing. If the cam shaft is 
parallel to tlie crank shaft, simple spur gear Or chain connection may 
be used to turn it. At Fig. 80 a conventional system of cam gears 
is shown. Tlic front of the gear case has been removed, this exposing 
the gear train whicli drives the cam shaft and accessory mechanism. 
A small gear having thirty-two teeth is placed on the crank shaft. 
This engages a larger member having sixty-four teeth turning it at 
one-half its speed. This large gear is securely fastened to a flange 
on the cam shaft by tliree bolts. At the right an idler gear meshes 
with the crank-shaft gear and serves to transmit motion from that 
member to the small gear at the extreme right which is utilized to 
drive the circulating pump shaft and the magneto employed for 
ignition. 

While gearing is more commonly used, considerable attention has 
been directed of late to silent chains for cam shaft operation. The 
ordinary forms of block or roller chain have not proven successful in 
this application, but the silent chain, which is in reality a link b|l(; 
operating over toothed pulleys, has demonstrated its worth. 
tendency to its use is more noted on foreign motors that* 

American design. It first came to public notice 
the Daimler-Knight engine for driving 
shafts which reciprocated the sleeve valves 

At Fig. 81 two eflBoient cam shaft dri 
A is furnished on the Wolseley 1912 moto 
' the small gear on the crank shaft is coup 
cam shaft by one chain, while a separate g 
the magneto from the cam shaft. T’ 
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fliat the cam shaft revdves at half the engine speed, while 
(he magneto is speeded np so it will have the same speed as the 
hrank shaft. 



;n-Detroit ‘‘ 80 ” Motor witti Timing G«ir Case 

\irangement of Cam Shafts and Water Ptunf 
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At Fig. 81, B,rthe sileit cbain drive on tlie4\Twe & Poppe engi»es 
is shown. This installation is Similar in the ma|u to that.previoaiJj' 
described, and further description is not needed. The adyatt- \i 
tages cited for the application of chahis are, first, silent operaiioji : 
which obtains even after the* chains have worn considerably; seeoiid,.' 
in designing it is not necessary to figure on maintaining certain abio- 
lute center distances between the crank shaft and cam sliaft sprockite. 



Fig. 81. — Showing Use of Silent Chain Connection Between Crank Shaft and 
Cam Shaft, and also for Driving Water Piunp and Magneto Shafts. 
A — Chain Drive on Wolseley (English) 1912 Motor. B — ^Method of 
Using Silent Chains on White & Poppe (English) Power Plant. 

as would be the case if conventional forms of gearing were used. On 
some forms of motor employing gears, three and even four members 
are needed to turn the cam shaft. With a chain drive but two sproci^t 
ets are necessary, the chain forming a flexible connection which per- 
mits the driving and driven members to be placed at any distance 
apart that the exigencies of the design demand. When chains are 
used it is advised that some means for ^compensating chain slack be 
provided or the valve timing will lag when chains are worn. Many 
combination drives may be worked out w^th chains that would not be 
possible with other forms of gearing. It ii expected that there wip be 
a gradual tendency on the part of Ameri(|an designers to incorporate 
the silent chain drive in their product. 
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VWve Springs* — ^Another consideration of importance is the use 
of proper valve springs, and particular care should be taken with those 
of automatic valves. The spring must be weak enough to allow the 
valve to open when the suction is light and must be of suiBcient 
strength to close it in time at high speeds. It should be made as large 
as possible in diameter and with a large number of convolutions, in 
order that fatigue of the metal be obviated, and it is imperative that 
all springs be of the same strength when used on a multiple-cylinder 
engine, " On the exhaust valve the spring must be strong enough so 
that the valve, will not be sucked in on the inlet stroke. It should 
he borne in mind that if the spring is too strong a strain will be 
imposed on the valve-operating mechanism and a hammering action 
produced which may cause deformation of the valve seat. Only pres- 
sure enough to insure that the operating mechanism will follow the 
cam is required. It is common practice to make the inlet and exhaust 
valve springs of the same tension when the valves are of the same size 
and both mechanically operated. This is done merely to simplify 
manufacture and not because it is necessary for the inlet valve spring 
to be as strong as the other. 

Piston and Rotary Valve -Motors. — Mention has been previously 
made of the interest obtaining in various forms of valves which permit 
more silent operation than the conventional poppet type. The main 
features of the Knight engine and its advantages have been considered, 
but a more complete description of the valve action may be timely. 
The sectional view through the cylinder at Fig. S2 shows the Knight 
sliding sleeves and their actuating means very clearly. The cUagrams 
at Fig. 83 show graphically the sleeve niovements and their relation 
to the crank shaft and piston travel. At A the piston has reached the 
top of the exhaust stroke and tlie exhaust port is barely open. The 
inlet port is just beginning to open. At B the piston is al)out two- 
thirds down on the inlet stroke and the inner sleeve has moved down, 
tliis bringing the two ports in alignment. This movement of the 
sleeve has closed off the exhaust port. At C the position of the sleeves ' 
at the end of the intake stroke is shown. The inner sleeve continues . 
to go up, the outer sleeve is still moving down. Here we see the intet 
port is almost closed; the exhaust port entirely so. D represents the 
position assumed by the sleeves at the end of the compression stroke, 
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both ports are closed and tie compressed charge, is teady for 

At E the piston has covered about threc-qu^riens of the power stroke. 


Spetrh. P/uQ 


Cranks 
OpsratinQ 
<S/wtfte 



82.— Section Through Cylinder of Knight Motor, Showing Important Parts 
of Valve Motion. 


and the exhaust port begins to open. Bothl sleeves are now traveling 
down. At F the piston has reached the b4ttom of the power stroke 
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and the exhaust port is almost fully opened. At G the piston is mov* 
Ing upward and the burned gas is being discharged through the fully 
opened exhaust port. At H the piston has started down on the intake 
stroke* The exhaust port is fully closed and tlie inlet port is just be- 



Fig. 83. — ^Diagram Showing Relative Movement of Sleeves and Cam Shaft of 
Knight Type Motor. Note Port Opening at Various Piston Positions. 
Shaded Portions of Sleeves Represent Ports. 


ginning to open. The action may be summed up as follows : The inlet 
port begins to open when the lower edge of the opening of the outside 
sleeve which is moving down passes the top of the slot in the inner 
member also moving downwardly. The inlet port is closed when the 
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lower edge of the slot in the inner sleeve which is moving up ^ 
the top edge of the port in the outer sleeve whidh is also moving 
toward the top of the cylinder. The inlet opening extends over two 
hundred degrees of crank motion. I'he exnaast port is uncovered 
slightly when the longer edge of the port in the inner sleeve which kv. 
moving down passes the lower edge of the portion of the c^^linder head^. 
which protrudes in the C3'lin(ler. When the top of the port in the outer| 
sleeve traveling toward the bottom of the cylinder passes the lowdr ' 
edge of the slot in tlie (ylinder wall the exhaust passage is closed. 
The exhaust opening extends over a period corresponding to about two 
hundred and forty degrees of crank motion. 

The Valveless Miesse Ei^ne. — The title given to this engine k 
liardly correct as it is not a valveless engine, but, as a glance at the 
illustration Fig. 84 will show, it is a combination of the single sleeve 
and piston valve forms. In the views presented, B is the single sleeve 
in which the port T) is formed ; A is the inlet and E the exhaust open- 
ing. The part designated hy C is termed the distribution piston. 
Both the inlet and exhaust passages open into and lead from the small 
e,ylinder in wliieli the piston C rceipro(?ates. This, as well as the sleeve 
B, derives its motion from the cam or valve shaft through connecting 
rods. But little explanation is necessary to describe the operation of 
the valves and their etfeet. At A the relative positions of the sleeve 
and piston valve during the induction stroke are shown. It will be 
seen that the port D in the sleeve coincides with the slot in the cylinder 
proper, and the piston valve C is in such position that while the mix- 
ture has free access from A to the cylinder the exhaust port E is cut 
ofE therefrom. At B the relative positions of the sleeve and piston 
valve during the explosion stroke are shown. The port D in the 
slee^ has moved up above the opening in the cylinder wall while the 
latter is there closed against any possible escape of gas by the cylin- 
drical head of the piston valve C. The position of the parts on the 
exhaust stroke are shown at C. The piston valve has risen still fur- 
ther, closing the induction passage A which leads the fresh gases to the 
cylinder and at the same time has made it possible for the exhaust 
products to be discharged beneath it through the opening E which k " 
in connection with the exhaust manifold. 

The advantages claimed for this design are the use of. a single 
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sleeVe, cooling ff the sleeve cylinder ports and piston valve by the 
incoming mixture on the induction stroke and the protection of the 



Fig* 84. — Sectional Views Showing Action of Miesse Combination Sleeve and 
Piston Valve at Different Points in Cycle of Engine Operation. • 


piston valve from contact with the exploded charge during the power 
stroke. It is said that the exhaust gases are discharged through the 
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lower orifice rathet than tiie apper one in orSer Ihiaf no pressure be 
exerted upon the head of the piston and upon its connecting rod ah4 
crank pin bearings. By passing the exhaust gases which have 
siderable pressure between the upper and lower portions of the pistcp 
valve the latter is balanced* during exhaust period by the nroducts Vf 
the combustion under pressure. The valve shaft, which ’s the sn^ll 
auxiliary crank shaft reciprocating the sleeve and piston, is suppor 3 |&d 
on five bearings and is driven by a silent chain connection from tbe 
main crank shaft. 

The Itala Eotary Valve, Motor. — type of rotary valve which is 
said to bo efficient is depicted at Fig. 85. This is used in the Itala 
engine and iias features of merit. This motor does not differ much 
in appearance from tlie ordinary poppet valve type. The cylinders are 
cast in pairs with a projection at one side which acts as a cylinder 
for the valve. Provision is made for water circulation around this 
chamber and the valve is also formed in such a way that water may 
be circulated through it. But two valves are employed, one for each 
pair of cylinders, and these two members take the place of the eight 
valves used on the poppet engine. The valve driving shaft, which is 
placed similar to the conventional cam shaft, turns the vertical shaft 
to which the valves are attached by helical gears. There is but one 
port in each cylinder wliich provides the means of communication 
between the valves and combustion chamber, this alternately serving 
the purpose of inlet and exhaust port. The manifolds are on opposite 
sides of the engine. The gas enters the base of each valve chest and 
the inert products pass from the top of the valve chamber by a pecu- 
liar cored passage in the cylinder casting. The rotary valve is made^ 
of cast iron and carries a number of packing rings. Each valve has 
four vertical openings; two for the fresh gases, the others for the 
burned product. These openings are arranged so that there is one 
inlet and one exhaust port registering with the openings in the re- 
spective cylinders. The exhaust ports are wider than the inlet open- 
ings, because a longer period of opening is required for the exhaust. 

The views at Fig. 85 show the operation of the valve clearly. A 
depicts its position at the beginning of the intake stroke, the fresh gas 
entering from the bottom passes through the interior of the valve and 
into the combustion chamber. The smaller sectional views show a 



Fig. 86. — ^Defining Action of Peculiar Rotary Valve Used in Latest Itala (Italian) 

Motor. 
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plan of the cylindei*, and valve ohest. E^erri^ to thef»e it will 6e seen 
that the valve which is rotating in the .direction of the arrow is Jnst 
beginning to uncover the port in the cylinder.. At B conditions dux* 
ing the compression stroke are shown. The port in the cylinder, is 



Fig. 86.“~PartiaI Section of Reynolds Rotary Valve Motor Cylinder, Showing 
Method of Rotating Simple Disk Valve and Ports in Cylinder Head. 

closed by the solid wall of the valve. At C the position of the valve 
during the power stroke is shown. It will be observed that the open- 
ing in the cylinder ia still closed by the valve wall. At P the condi- 
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tioas during the exhaust stroke are outlined. The valve has revolved 
so i^jst the exhaust port therein is in communication with the exhaust 
pipe it^ the top of the cylinder and the port of the combustion cham- 
ber. This permits the inert gases to leave the cylinder freely. Careful 
study of the drawings will show that the gas flow is easy and that there 
are no, sharp corners to impede the gases as they enter or leave the 
cylinders. 

The Eeynolds Eotary Valve Motor. — The Reynolds motor, a sec- 
tional view through one of its cylinders being sliown at Fig. 86, has 
nbt been used to any extent in automobile service, but has proven 
' thoroughly practical in marine applications. The valve consists of a 
fiat disk seating directly against the top of the combustion chamber. 
It is turned by a shaft which extends through a boss on top of the 
cylinder head and which is driven direct from the crank shaft by gear- 
ing at half the motor speed. The valve has a port cut into it of the 
keystone shape, clearly shown in illustration, this registering suc- 
cessively with openings in ‘the cylinder head. The valve mechanism 
is said to be very quiet, and, as will be seen at Fig. 87, the motor is a 
very compact design. A disadvantage is cited that the force of the 
explosion keeps the valve disk tight against the seat, this tending to 
cause considerable resistance to its motion. It is claimed that no 
difficulty is experienced from this source, and that an oil film is main- 
tained positively between the valve disk and its seat so that it turns 
with minimum friction. 

Other Eotary Valve Types. — Various other forms employing rotary 
valves have been devised, and some of these which are said to have 
been used in a practical way are shown at Fig. 88. That at A is 
known as the Mead. This is a four-cylinder motor with two long 
cylindrical valves extending along opposite sides of the cylinders in 
close connection with the combustion chamber. These cylinders have 
ports cut through them at distances equal to the center line of the 
cylinders and are suitably spaced so that the ports in the cylinders aye 
uncovered in proper succession. One of the drums serves to control 
the inlet ports; the other regulates the exhaust openings. The valves 
are driven at one-quarter crank-shaft speed by suitable gearing. 

The type shown at B is a Firench design which differs from the 
Eeynolds motor previously described only in the shape of the rotary 





valve member whick k conical iiistead of ' Tlie parte ate eho^i 
as follows: A is the rotary valve member; B is vhe gas passage, and ]&' 
is a port in the valve member. 'Jhe small view presented below ishe- 
vertical section is a plan showing the disposition of the ports. Tfee 



Fig. 87. — ^Part Section of Reynolds Rotary Valve Motor, Showing Practical 
Application of Ported Disk in Controlling Gas Passage. Note Compact 
Design of Cylinder Block and Two-Bearing, Four-Throw Crank Shaft. 


same lettering applies, as above. If the cone turns in the direction of 
the arrow, B is the exhaust port and C the intake port, while D repre- 
sents the opening in the valve. The form shown at C is a modification 
of that depicted at B, Two conical valves used instead of on^ 
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Fig. 88.— Unconventional Forms of Rotary Valve Motors Designed to Meet the 
Present Day Demand for Silent Valve Action. A — Mead Motor Using Two 
Revolving Cylindrical Valves, One at Each Side of Cylinder. B— jingle 
Ported Cone Valve. C — ^Apidication of Two Single Ported Cones, One 
Superposed. D — ^Use of Distinct Valves, One for Inlet Port, the O^er to 
Govern Exhaust Passage. 
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these being turned* in op|H)tite directions by * sui|$,ble gears; It is* 
claimed that tliis gives a more rapi:1 port opening tlian wlien a sin^e 
valve is employed. Sometimes when two conical valve members are 
used they are placed side by side, as sliov n at U, one of these serving* 
exclusively for the exhaust the other for the inlet. The objection 
this construction is that owing to the smaller size of the cone the ports 
are more limited in area than when a single vahe member is employed. 

The Sphinx King Valve Motor. — One of the designs which has befe 
used successfully and Avhicli employs a ring valve in place of the usual 
poppet valves is called the Sphinx motor. It is claimed that all the 
advantages of the sliding sleeve tyi)es are obtained with much less com- 
plication. In this motor a split ring reciprocated by a bell crank 
serves to uncover the intake and exhaust ports. The construction of 
this member, as well as tlie actuating ])ell crank, return spring and 
cam shaft are clearly sliown at Fig. 89. In tlie cylinder walls, and 
near the head, two annular elianihers are provided, these forming the 
intake and exhaust ports. AVithiii the cylinder is a split ring having 
sutlicient face deptli to cover both the intake and exhaust ports, but 
having tiie necessary reciprocating motion to allow it to uncover either 
one or the other of tlie ports as re(iiiired to insure the admission of 
tlio fuel and the discharge of tlie spent gases. In its central position,, 
shown at Fig. 89, B and C, the split ring covers the two ports, pro- 
viding a gas-tight chandler; on being moved down, as depicted at A, it 
uncovers the intake port and closes the exliaust, and on being raised^ 
as outlined at D, it ojieiis the exhaust and closes tlie intake. 

Being split, its extensibility assures gas-tightness, the degree of 
tightness being in proportion to the pressure in the cylinder, while?' 
leakage around the ports is impossible at any time. Its movement ia 
slight, being less than one ineli for a motor of 3.9-incb by 5.5-inch bore 
and stroke, and the intake port being above the ring, this latter is 
swept by the fresh, cool gases at every induction stroke ^nd conse- 
quently maintained at a moderate temperature. 

This design particularly lends itself to an easily produced and 
clean monobloc casting, and has the further advantage of giving a 
compact combustion chamber without pockets and with unusually 
large valve area. On the ordinary type of motor with valves on one 
or both sides any increase in the valve diameter involves a proper- 
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tional increase in the size of the pocket with a decrease of thermal 
efficiency. 

The split sliding ring, or sleeve, which in the Sphinx replaces 
the pair of poppet valves of the ordinary motor, and the costly concen- 



Fig. 89. — Part Section of Sphinx Valveless Motor in which Poppet Valves are 
Replaced by a Split Ring which Reciprocates in the Cylinder Head, Opening 
and Closing the Gas Ports as it Moves Up and Down. A — Inlet Ports Open. 
B and C — ^All Ports Closed. D — Exhaust Ports Open. 


trie sleeves in motors of the sliding valve type, is shown in Fig. 89. *It is 
a gray iron casting, having a face depth of one and a half inches for a 
motor of 3.9-inch by 5,5-inch bore and stroke, and provided with a hoi* 
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low spindle or bearing block for the rocker arm. As will be seen from the 
illustration, the depth of the ring is greater around the hollow spindle 
than at any other point, this ineieased depth being necessary to cover 
the port through which the rocker arni is passed from the outside 
to the inside of the cylinder. The facte dej^th at this point is suffi- 
cient to assure the covering of this port whatever the position of 
the split ring; in other words, this slot in the cylinder wall is never 
uncovered. 

By means of a bell crank, tlie long arm of which operates in the 
socket of the ring valve, and an ordinary type of cam shaft the neces- 
sary reciprocating motion of the ring is obtained to allow the different 
phases of a four-cyde motor. One of the most valualde features of 
this motor is the large valve area obtainable without the complication 
attending the use of large diameter poppet valves and without the big 
pockets necessary with motors of tlie L or T ” type. 

The poppet valve spring must be of sufficient strength to correctly 
seat the valve at high motor speeds. If a weak sj)ring is used it will 
not have time to return the valve to its seating before it will be again 
lifted by the cam and there is loss of power. The spring used on the 
Spliinx ” motor need only be strong enough to balance the weight of 
the split ring, for it is only responsible for its return and in no way 
for its proper seating. Further, as eacli upward movement of the 
ring is followed ])v the induction stroke of tlie motor, the work of the 
spring is relieved by the in rushing of the gases. In other words, the 
suction of the gas around the ring tends to draw it down, just as an 
automatic intake valve is drawn down on the suction stroke of the 
motor. The spring, tlien, need only be sufficiently strong to keep tlie 
roller in contact witli tlie face of the cam, and as it is carried in an 
independent housing and not subjected to a high temperature, its life* 
is practically indefinite. 

Darracq Kotary Distributor Motor. — In the Darracq power plant 
which is shown at Fig. 90, the gases enter through a rotary member of 
D section, which is placed horizontally along the side of the cylinder 
head and parallel with the crank shaft. This distributor is approxi- 
mately two-thirds the diameter of the cylinder and revolves on large 
annular ball bearings, one placed at each end. One member serves to 
control both intake and exhaust openings. This is accomplished by 
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providing the barrel-shaped chamber in which the valve revolves with 
three ports for each cylinder. One of these provides communication 
between the valve case and the combustion chamber, the others serve 
for intake and exhaust passages. 



Fig. 90. — ^Diagram niustrating Action of Darracq (French) D Form Rotary Valve 
Motor. A — ^Piston at Beginning of Induction Stroke. B — Piston at Incep- 
tion of Compression Stroke. C— Piston in Position for Receiving Explosion 
Impact. D — ^Valve Position at Start of Exhaust Period. 
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As the valve rotates the cylinder is placed in cotninunication ^th 
either the intake or exhaust passages and the valve is driven by suit- 
able gearing at one-half the engine speed, as is the case with the con- 
ventional cam shaft. The various valve positions are clearly shown at 
Fig, 90. A corresponds to the section stroke; and the piston is shown 
starting to uncover the port leading from the ^alve chamber into the 
cylinder. The rotary valve is also uncovering the intake port. By ^e 
time the top of the piston reaches the bottom of the passage communi- 
cating between combustion and valve chambers, the inlet opening is 
uncovered and the gas rushes into the cylinder. At B it will be seen 
that the valve has closed the passage leading from the cylinder, and as 
the piston rises, the gas previously inspired is compressed. The posi- 
tion of the piston when it has reached the end of the compression 
stroke is shown at C. At this position the compressed charge is 
ignited. It will be noted that the piston covers the port leading into 
the valve chamber, and tliat tlie valve is thus protected from the direct 
heat of combustion. At 1) the position of the valve at the inception of 
the exhaust stroke is shown, and it is about to uncover the port lead- 
ing from the cylinder to the valve chamber and permit the exhaust 
gases to flow out tlirougli suital)le openings. Tlie heat evolved during 
the first intervals of tlie explosion, at which point the maximum tem- 
perature obtains, is kepi from the valve and simplifies the problem of 
]ubri(*ation. It will be evident that with this construction a small por- 
tion of the inert gases are retained in the combustion chamber, but it 
is claimed by those favoring this construction that this does not con- 
stitute as serious defect in practice as theoretical considerations might 
indicate. > 

The Hewitt Piston Valve Motor. — A type of motor in which true 
piston valves are used successfully is shown in section at Fig. 91. This 
is the Hewitt, a pioneer form of English derivation. Two piston 
valves are provided for each cylinder; one for the intake, the other to 
regulate the exhaust passage. They are placed adjacent to each other 
on the same side of the motor, and are inclined toward the top. A 
small crank shaft revolving at one-half the speed of the main crank 
shaft is employed to operate the piston. Each of these piston valves 
are simply smaller trunk pistons similar in type to those used in the 
cylinder proper, reciprocating in their distinct small water-cooled cyl- 
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inder. Piston rings of the conventional pattern are used to maintain 
a gas-tight joint, as is the case with the main piston. The fresh gas 
manifold is coupled to the side of one valve cylinder and the exhaust 

piping with the 
side of the other 
valve chamber. 
The timing of 
both intake and 
exliaust valves is 
sucli that they 
receive a portion 
of the ex])losive 
impulse, which 
drives them 
downward and 
tends to make 
tliem j)artially 
self - operating. 
When the explo- 
sion occurs, both 
valve pistons are 
at the top of 
their cylinders 
and receive part 

of the impact. On the compression stroke both pistons move up, the 
exhaust member moving ahead of the other. 'I' he piston Valves are 
lubricated by splash just as the main piston chamber. These pistons 
have comparatively long stroke, about two-thirds that of the working 
piston. The various piston positions during the cycle of operation are 
clearly shown in diagrams at Fig. 92, the valves being shown at oppo- 
site sides of the cylinder to make their action clearer. At A the main 
piston is part way down on the intake stroke, and the inlet piston has 
uncovered the slots leading from the gas manifold to the combustion 
chamber. The exhaust is fully closed. At B the main piston is start- 
ing to go up on the compression stroke and both inlet and exhaust 
ports are fully closed by their respective pistons. At C the explosion 
has taken place and the three pistons are being driven down in the 



Fig. 91. — Section of Hewitt Piston Valve, Motor Cylinder 
and Valve Chest. 
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directions indicated by the arrow. At D the exhaust piston has un- 
covered the series of holes which provide communication between the 
combustion chamber and the manifold, while the inlet piston covers 
fully the slots it controls. It is claimed that this four-cylinder piston 
valve motor has superior torque to that obtained from a similar power 
plant using poppet valves. 



Fig. 92. — Hewitt Piston Valve Motor Action Outlined Graphically. A — Suction 
Stroke. B — Compression. C — ^Explo^on. D — ^Exhaust. 


Valve Timing. — It is in valve timing that the greatest ditferenee 
of opinion prevails among engiiujers and it is rare that one will see the 
same formula in different motors. It is true that the same liming 
could not be used with motors of different construction, as there are 
many factors which determine the amount of lead to be given to the 
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*valveai The most important of these is the relative size of the valve 
to the cylinder bore, the speed of rotation it is desired to obtain, 
the fuel efficiency, the location of the valves, and. other factors too 
numerous to mention. 

Most of the readers should be familiar with the cycle of operation 
of the internal combustion motor of the four-stroke type, and it seems 
unnecessary to go into detail except to present a review. The first 
stroke of the piston is one in which a charge of gas is taken into the 
motor; the second stroke which is in reverse direction to the first is 
a compression stroke, at the end of wliieli the spark takes place, ex- 
‘ ploding the charge and driving the ])iston down on the third or expan- 
sion stroke, which is in the same direction as the intake stroke, and 
finally, after the piston has nearly reached the end of this stroke, 
another valve opens to allow the burned gases to escape, and remains 
open until the piston has reached the end of the fourth stroke and is 
in a position to begin the series over again. The ends of the strokes 
are reached when the piston conies to a sto]i at either top or bottom of 
the cylinder and reverses its motion. That point is known as a center 
and there are two for each cylinder, top and bottom centers, re- 
spectively. 

All circles may be divided into 360 parts, each of which is known 
as a degree, and in turn each of these degrees may be again divided into 
minutes and seconds, though we need not concern ourselves with any- 
thing less than the degree. Each stroke of the piston represents 180 
degrees travel of the crank, because two strokes re])resent one complete 
revolution or three hundred and sixty degrees. The top arid bottom 
centers are therefore separated by 180 degrees. Theoretically each 
phase of a four-cycle engine begins and ends at a center, though in 
actual practice the inertia or movement of the gases makes it neces- 
mry to allow a lead or lag to the valve, as the case may be. If a 
valve opens before a center, the distance is called “ lead ; if it closes 
after a center, this distance is known as lag.’^ The profile of the 
cams ordinarily used to open or close the valves represents a consider- 
able time in relation to the 180 degrees of the crank-shaft travel, 
and the area of the passages through which the gases are admitted 
or exhausted is quite small owing to the necessity of having to 
open or close the valves at stated times; therefore, to open an ade- 
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quately large pa^page foir ihe gases it is necessary to open,;, the valves 
earlier and close them later than at centers. 

That advanc'ing the opening of the exhaust valve M^as of value vras 
discovered ori tJie early niot<jrs and is explained by the necessity of 
releasing a large amount of gas. the volume of wfiich has been greatly 
jaised by the heat of combustion. Wiien the inlet valves v^ere meohan- 
ically operated it was found that allowing them to lag at closing en- 
abled the ins])iration of a greater volume of gas. Disregarding the 
inertia or flow of the gases, o])ening the cxliaust at center would enable 
one to obtain full value of the expanding gases the entire length of the 
piston stroke, and it would not be necessary to keep the valve open 
after the top center, as the reverse stroke would produce a suction 
effect which might draw’ some of tlie inert charge back into the cylin- 
der. On the other hand, giving full consideration to the inertia of the 
gas, o})ening the valve before center is reached w’ill provide for quick 
expulsion of the gas(‘s, which have sullicient velocity at the end of the 
stroke, so that if the valve is allowed to remain open a little longer, 
the amount of lag varying wuth the opinions of the designer, the 
cylinder is cleared in a more thorough manner. 

Blowing Back. — Wlien the fa(*tor of retarded opening is considered 
without reckoning the inertia of the gases it would appear that, if the 
valve ^vere allow’ed to remain open after center had passed say on the 
closing of the inlet, the piston having reversed its motion would 
have the effect of expelling part of the fresh charge through the still 
open valve as it passed inward at its compression stroke. This effect 
is called blowing back and is often noted with motors where the valve 
settings are not absolut(dy correct, or where the valve springs or s^ts 
are defective and prevent proper closing. 

. This factor is hot of as mu(*h import as might appear, as on closer 
consideration it wull be seen that the movement of the piston as the 
crank reaches either end of the stroke is less per degree of angular 
movement than it is wdien the angle of the connecting rod is greater. 
Then again a certain length of time is required for the reversal of 
motion of the piston, during wdiich time the crank is in motion but 
the piston practically at a standstill. If the valves are allow- ed to 
remain open during this period, the passage of the gas in or out of , 
the cylinder will be by its own momentum. 



The Modern Gmoline Automobile 


202 ' 

Lea4 Zixhau^^ Valve. — The faster a motor turns, all other 
things being equal, the greater the amount of lead or advance it is 
necessary to give the opening of the exhaust valve. It is self-evident 
truth that if the speed of a motor is doubled, it travels twice as many 
degrees in the time necessary to lower tlie pressure. As most designers 
are cognizant of this fact the valves are proportioned accordingly. It 
is well to consider in this respect that the cam profile has much to do 
with the manner in whieli the valve is opened, that is, tlie lift may 
be abrupt and the gas allowed to escape in a body, or tlie ojxming may 
be gradual, the gas issuing from the cylinder in thin streams. An 
Analogy may be made with the o])ening of any bottle which contains 
liquid highly carbonated. If the cork is» removed suddenly the gas 
escapes with a loud pop, but on the other hand, if the ))ottle is un- 
corked gradually, the gas escapes from the recej)tacle in thin streams 
around the cork, and passage of the gases to the air is ac(*om})lished 
without noise. While the second plan is not iiarsh, it is slower than 
the former, as must be evident. 

Exhaust Closing, Inlet Opening. — A point which has been much 
discussed by engineers is the proper relation of the closing of the ex- 
haust valve and the opening -of the inlet. Tli(H)retically they should 
succeed each other, the exhaust closing at upi)er dead center and the 
inlet opening immediately afterward. The reason why a certain 
amount of lag is given the exhaust closing in practice is that the 
piston cannot drive the gases out of the cylinder unless they are com- 
pressed to a degree in excess of tliat existing in the manifold or pas- 
sages, and while toward the end of the stroke this pressure may be 
feeble, it is nevertheless indispensable. At the end of the piston’s 
stroke, as marked by the upper dead center, this compression still exists, 
no matter how little it may be, so that if the exhaust valve is closed and 
the inlet opened immediately afterward, the pressure which exists in 
the cylinder may retard the entrance of the fresli gas and a certain por- 
tion of the inert gas may penetrate into the manifold. As the piston im- 
mediately begins to aspirate this may not be serious, but as these gases 
are drawn back into the cylinder the fresh charge will be diluted and 
weakened in value. If the spark plug is in a pocket the points may be 
surrounded by this weak gas, and* the explosion will not be nearly as 
energetic as when the ignition spark takes place in pure mixture. 
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It is a well-known facd that the exhaust valve should close after 
dead center and that a certain amount of lag should be given to open- 
ing of the inlet. The lag given the closing of the exhaust valve should 
not he as groat as that given the clo^aiiig of the inlet valve. Assuming 
that the excess pres* n re of tiie exlunist will equal the depression during 
aspiration, the tinu'. necessary to complete the emptying of the 'Cylinder 
will be proportional to t]«e volume of the gas within it. At the end 
of the suction struk(‘ the volume of gas contained in the cylinder is 
equal to the cylindricsal volume plus the spai-e of the cembastion cham- 
ber. At the end of ilie exhaust stroke the volume is but that of the 
dead space, and from oiuj-tliird to one-fifth its volume before compres- 
sion. AVhile it is natural to assume that this excess of burned gas will 
escape faster tlmn tlie fresh gas will enter the cylinder, it will be seen 
that if the inlet valve were allowed to lag twenty degrees, the exhaust 
valve lag need not be more than five degrees, providing that the ca- 
pacity of the com bust ion chamber was such that the gases occupied 
one-qnarter of their former volume. 

It is evident that no alisoliite rule can Ix^ given, as back pressure 
will vary with the design of tlie valve passages, the manifolds, and the 
construction of the* imdTler. The more direct the opening, the sooner 
the valve can he closed and the l)ctter the ('vlinder cleared. Ten de- 
grees reyirescnt an apj)r(*ciahle angle of the crank and the time re- 
quired for the crank to cover this angular motion is not inconsiderable 
and an inqiortant (|iiantity of the exhaust may escape, but the piston 
is still very (dose to the dead center after the distance has been covered. 

Before the inl(*t valve ojams there wsliould be a certain depression 
in the cylinder, and considerable lag may be allowed before the de- 
pression is apprecialde. So far as the volume of fresh gas introduced 
during the admission stroke is con(*erned, this is determined by the 
displacement of the piston between the point where the inlet valve 
opens and the point of (dosing, assuming that sufficient gas has been 
inspired so that an equilihrium of pressure has been established be- 
tween the interior of the (cylinder and the outer air. The point of 
inlet opening varies with different motors. It would appear that a 
fair amount of lag would be fifteen degrees past top center for the 
inlet opening, as a certain depression will exist in the cylinder, assum- 
ing that the exhaust valve has closed five or ten degrees after center. 
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- and at the same time the piston has not gone down far enough on it. 
^ stroke to materially decrease the amount of gas which will be taken 
into the cylinder. 

Clospg the Inlet Valve. — ^As is the case with the otlier points of 
opening and closing, there is a wide diversity of practice as relates to 
closing the inlet valve. Some of the designers close this exactly at 
bottom center, but this practice cannot be commended, as there is a 
(Considerable portion of time, at least ten or fifteen degrees angular 
motion of the crank, before the piston will commence to travel any 
, extent on its compression stroke. The gases rushing into the cylinder 
have considerable velocity, and unless an equilibrium is obtained 
between the pressure inside and that of Ihe atmosphere outside, they 
will continue to rush into the cylinder even after the piston ceases to 
exert any suction effect. 

For this reason, if the valve is closed exactly on center, a full 
charge may not be inspired into the cylinder, though if the"*4:ime of 
closing is delayed, this momentum or inertia of the gas will be enough 
to insure that a maximum charge is taken into the cylinder. The 
writer considers that nothing will be gained if the valve is allowed to 
remain open longer than twenty degrees, and an analysis of practice 
in this respect would seem to (*onfirm this opinion. Prom that point 
in the crank movement the piston travel increases and the compressive 
effect is appreciable, and it would appear that a considerable proper- 
'tion of the charge might be exhausted into the manifold and carbu- 
retor if the valve were allowed to remain open beyond a point cor- 
responding to twenty degrees angular movement of the crank. 

Time of Ignition. — In this country engineers unite in providing 
a variable time of ignition, though abroad some difference of opinion 
is noted on this point. The practice of advancing the time of ignition, 
when affected electrically, was severely condemned by early makers, 
these maintaining that it was necessary because of insufficient heat 
and volume of the spark, and it was thought that advancing ignitiop 
Was injurious. The engineers of to-day appreciate the fact that the 
heat of the electric spark, especially when from a mechanical generator 
of electrical energy, is the only means by which we can obtain prac- 
tically instantaneous explosion, as required by the operation of motors 
at high speeds, and for the combustion of large volumes of gas. 
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It is apparent that a motor with a fixed point of ignition i^! 
not as desirable, in every way, as one in which the ignition nan 
be advanced to best meet different requirements^ and the writer d<^ 
not readily perceive any advantage outside of simplicity of control in 
establishing a fixed point of igi^itioii. Tn fact, there seems to be some 
difference of opinion among those designers who favor fixed ignition, 
and in one case this is located forty-three degrees ahead of center and 
in another motor the point is fixed at twenty degrees, so that it may 
be said tliat this will vary as much as one hundred per cent in various 
forms. This point will vary with different methods of ignition, as 
well as the location of tlie spark plug or igniter. The writer favors 
a variable point of ignition, as tliis offers advantages which cannot be 
obtained with fixed ignition, and enabbis one to best gauge the require- 
ments of the time of firing the cliarge ))y conditions of operation from 
time to time. The range may be as desired, varying from a point 
after c*ehter for starting to one forty-five degrees advanced for maxi- 
mum speed. 'Tlien again, flexibility of control is greatly increased 
when spark time may ))0 varied to suit re(]iuremeiits. 

It is obvious by consideration of the foregoing that tliere can be 
no arbitrary rules established for timing, because of the many condi- 
tions w]ii(‘h determine the best times for opening and closing the 
valves. It is custoinary to try various settings when a new motor is 
designed until the most satisla(‘tory ])()ints are determined, and the 
setting which will be very suitable for one motor is not always right 
for one of different dc'sign. 

A series of valve-timing diagrams arc presented at Fig. 93, these 
sliowing the timing eniployi'd on four different engines of about the 
same size. In that ouilined at A the inlet valve begins to open eight 
degrees after center and closes exaetly on the bottom center. The 
exhaust opens tliirty degrees before bottom center and closes five 
d(‘grees after top c’enter. This motor employs large valves placed 
in the head and does not need much lead of the exhaust opening. 
In the diagram showm at B the inlet valve has a lag of fourteen 
degrees on the opening and (doses six degrees after bottom center. 
The exhaust valve opens forty-one degrees before bottom center. 
The timing method outlined at C gives a greater lead to the 
haust than any of the others shown. The exhaust valve sta^i^ 
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to open forty-seven degrees before center and closing twelve degrees 
after top center. The inlet valve begins to open nine degrees after 
top center and lags seventeen degrees after bottom center. It will be 



Fig. 93.— Diagrams Showing Different Valve Timing Methods. 


noticed that the exhaust valve is just closing while the inlet is open- 
ing, the closing of one member being coincident with the opening of 
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the other. This is not very often followed, because there is danger 6t 
the admixture of gases should anytliing interfere with prompt valve 
action. 

The diagram sliown at D does not differ very much from that 
shown at B, except in tiie lag of the inlet valve. This opens at thir- 
teen degrees after top center and does not ch'jse until twenty -two de- 
grees after bottom center. The exhaust valve opens thirty-nine de- 
grees before bottom center and closes ten degrees after top center. It 
will be seen that at A there is a la])se of three degrees between exhaust 
valve closing and inlet valve oj^ening. At B the lapse is tw'o degrees. 
At C the timing arraTigeiiient is such tliat there is no lapse between 
exhaust closing and inlet opening. Practically as soon as t})e exhaust 
valve is closed fully the inlet valve has opened materially. At D the 
la}>sc between exhaust valve closing an<l inlet opening is three degrees. 
These methods of timing may be considered re])resentative, though 
almost every designer follows his own preferences. Sometimes con- 
siderable experimenting is necessary before the point is reached where 
the motor runs wulh tlic niaximiun power and Avithout noise. 

The diagram at Fig. 9-1 show^s clearly tlie method utilized in mark- 
ing the fly wheel of a ty})ical four-cylinder engine so that the valves 
may be properly tiined without folJoAving ])iston or crank-shaft move- 
ment directly. The fly wdiecd, which is 15% inches in circumference, 
has been marked off as indicated. As tliis is a four-cylinder engine, 
the marks on the fly wheel enalde one to time all cylinders, as one of 
two wo’ll fire when one mark corresponding to ui)per center coincides 
with the fixed indicating device on tlic center line of the crank case. 
The others explode in turn when the mark indicating the lower center 
registers with the trammel point, as the little indicating device on the 
crank case is called. When the diameter of a fly wheel is 15% inches, 
2.()()2 inches measured from one of the center lines indicate the crank- 
pin travel of fifteen degrees. The lag of inlet closing which in this 
motor is thirty-three degrees is represented by a distance of 4.536 
inches on the circumference of the fly wheel. The exhaust valve lead 
which is fifty-three degrees and thirty minutes is determined by meas- 
uring 7.353 inches ahead of the center lines. The point where the 
exhaust valve closes which is twelve degrees after center is represented 
by a distance of 1.649 inches on the fly wheel. It will be noted that in 
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this case there is a lapse of three degrees between the exhaust closing 
and tlie inlet opening. Tlie exhaust valve is kept open considerably 
longer than is usually the case, as it lags thirty-three degrees after the 
piston is started to go up on its compression stroke. The exhaust 



Fig* 94. — Diagram Showing Method of Marking Fly-wheel Circumference to 
Obtain Proper Timing of Typical Four-Cylinder Motor. 

yalve opens much earlier, i. e., it is given a greater lead than an analy- 
sis of common practice shows to be desirable. The exhaust valve is 
opened considerably longer than is usually the case, as the average 
lead given to exhaust is about forty degrees. 

In timing a motor from the marks on the fly-wheel rim it is neces- 
sary to regulate the valves of but one cylinder at a time. Assuming 
that the fly wheel is revolving in the direction of the arrow and that 
the firing order of the cylinders is 1-3-4-2 the operation of timing 
would be carried on as follows : The fly wheel would be revolved until 
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the line marked Exhaust opens 1 and 4 ” registered with the trammel 
on the motor bed. At this point Llie exhaust .alve of either cylinder 
No. 1 or No. 4 should begin to open. This can be easily determined' 
by noting which of these cylinders hoids ihu compressed charge ready, 
for ignition when the fly wheel is in the position shown in drawing. 
Assuming tliat the spark has occurred in cylinder No. t, then when 
the fly wheel is turned from the position shown in the sketch to that 
in wliich the line marked Exhaust opens 1 to 4 coincides with the 
trammel point, the valve plunger under the exhaust valve of cylinder 
No. 1 sliould be adjusted in such a way that there is no clearance 
between it and the valve stem. Further movement of the wheel in 
the same direction should produce a lift of the exhaust valve. ’The 
fly wheel is turned about two hundred and forty-five degrees or about 
three-quarters of a revolution; then the line marked Exhaust closes 
1 and 4 will register with the trammel point. At this period the 
valve plunger and the valve stem should separate and a certain amount 
of clearance oldained between tliem. The next cylinder to time would 
be No. 3. Tlie fly wheel is rotated until mark Exhaust opens 2 and 
3 ” comes in line with the trammel. At this point the exhaust valve of 
cylinder No. 3 should be just about opening. The closing is deter- 
mined by rotating the fly wheel until th(5 line Exhaust closes 2 and 
3 comes under the trammel. 

This operation is carried oil with all the cylinders, it being well to 
remember tliat hut one cylinder is working at a time and that a half 
revolution of the fly wheel corresponds to a full working stroke of all 
the cylinders, and that while one is exhausting, the others are respect- 
ively taking in a new charge, compressing and exploding. Eor in- 
stance, if cylinder No. 1 has just completed its power stroke the 
piston in cylinder No. 3 has reached the point where the gas may be 
ignited to advantage. The piston of cylinder No. 4, which is next to 
fire, is at the bottom of its stroke and will have inspired a charge, while 
cylinder No. 2, which is the last to fire, will have just finished expelling 
a charge of burned gas, and will be starting the intake stroke. 

XTnconventional Poppet Valve Arrangement. — ^While practically 
all motors of the L-head form have the valves arranged in the same 
plane, i. e., one behind the other, efforts have been made to arraUg^ 
the valves in a different manner in the Julian motor, shown at JPig. 
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94a. In this the valves are placed side by side, both being approxi- 
mately in a line with the center line of the cylinder. It is contended 
by the designer that tliis method of placing makes for a better com- 



Fig. 94a. — Sectioxial View of the Julian Engine which Employs a Peculiar Valve 

Arrangement. 


bustion-chamber form than the usual system, though it is difficult 
to see how this claim is justified, because while the pocket is not as 
long as those in which the valves are placed one to each side of the 
cylinder center line, it is wider and probably has the same amount 
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of space that would be present in che conventional form. The inlet 
valve is inclined and is tlie one iiiiinediately under the spark plug, 
while tlie exliaust valve or outer one is placed vertically, as in con- 
ventional construction. The inlet and exhaust manifolds are cast 
integral with the cylinder blo'k and the arrangement permits of 
amj)le water cooling of the exhaust manifold. This form of engine 
has not been generally applied and is presented simply to show one 
of many possible valve arrangements. 

The Fischer Slide-Valve Motor. — ^Tlie Fischer slide-valve n?otor 
em])]oys a very peculiar form of reciprocating member to control the 
flow of gases in and out of the cylinder. These valves, which are 
crescent sliape in cross section, operate in suitably formed recesses 
in tlie op})osite sides of the cylinder bore, which is not a circle, as in 
the usual construction, but an irregular figure composed of approxi- 
mately two semi-circular parts connected by two crescent-shaped 
parts. Hie slide valves occupy approximately 69 degrees of the 
cylinder-wall circumference. They are of cast iron and extend the 
entire length of the cylinder and approximately two inches below it. 
At their lower extremities they carry slots for the engagement of 
the operating bell-crank mechanism worked by box cams, mounted 
on shafts which are driven by silent chains from the crank shafts. 
The sleeves are reciproeated by bell cranks, one end being attached 
to the sleeve, the other arm carrying a roller which fits the depression 
in the cam. This form of cam insures positive movement in both 
directions and makes it possible to entirely dispense with the use 
of springs. 

The slides are provided with suitable slots or ports which register 
with openings in the cylinder walls communicating with the inlet and 
exhaust passages respectively. The arrangement of the cams is such 
that the reciprocation of the sleeves gives the following timing: The 
inlet has a lag of 11 degrees after the upper dead center and closes 71 
degrees after lower dead center. The exhaust opens 63 degrees before 
lower dead center and closes 19.75 degrees late, or after the piston 
reaches the top of its exhaust stroke. This means that the intake 
and exhaust overlap approximately 8 degrees, which is claimed to 
give additional power. Owing to the peculiar box-cam construction 
the slide valves are not in motion during the compression and power 




Fig. 94b.— Part Sectional View of the Fischer Slide-Valve Motor. 
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strokes. The PiscBcr motpr is a feur-eylinder monobloc type with a 
bore of inches and a stroke of 42 inches. The jastons recipro- 
cate up and down in a cylinder which is composed of two fixed por- 
tions and two movable sleeves. After ^he sleeves are in place the 
interior of the cylinder bore is a true circle and the piston has an 
even bearing on all portions of the cylinder wall and sleeves. The 
general features of construction and tlie arrangement of the sliding 
sleeves and their actuating mechanism are clearly shown at Fig. 946. 



CHAPTER IV 


Considering Pistons, Piston Rings, Connecting Rods, Crank Shafts, Ihc Fly 
Wheel, and Engine Rase Construction — Typical Two- and Four-Cycle 
Power Plants Described. 

Constructional Details of Pistons. — The piston is one of the most 
important parts of the gasoline motor inasnnidi as it is the recipro- 
cating member that receives the impact of the explosion and wliicdi 
transforms the power obtained by tlie comlmstion of gas to mechan- 
ical motion by means of the connecting rod to wliicli it is attached. 
The piston is one of the simplest elements of the motor, and it is one 
component which does not vary nmcli in form in differcjit types of 
motors. The piston is a cylindrical member provided with a series of 
grooves in which packing rings are placed on the outside and two 
bosses which serve to hold the wrist pin in its interior. It is usually 
made of cast iron, though In some motors where extreme lightness is 
desired, such as those used for aeronautic work, it may be made of 
steel. The use of the more resisting material enables the engineer to 
use lighter sections where it is important that the weight of this mem- 
ber be kept as low as possible consistent with strength. 

A number of piston types are shown at Fig. 95. That at A has 
a round top and is provided with four split packing rinds and two 
oil grooves. A piston of this type is generally employed in motors 
where the combustion chamber is large and where it is desired to 
obtain a higher degree of compression than would be possible with a 
flat top piston. This construction is also stronger because of the 
arched piston top. The most common form of piston is that shown 
at B, and it differs from that previously described only in that it has 
a flat top. The piston outlined in section at C is a type used on some 
of the sleeve-valve motors of the Knight pattern, and has a concave 
head instead of the convex form shown at A. The design shown at 
D in side and plan views is the conventional form employed in two- 
cycle engines. The deflector plate on the top of the cylinder is cast 

214 
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integral and is utilized to prevent the incoming fi-esu gases from flow- 
ing directly over the piston top and out of the exhaust port which is 
usually opposite the inlet opening. On those types of two-cycle en- 
gines where a two-diameter cylinder is employed, the piston shown at 
E is used. This is known as a « differential piston,’’ and has an en- 
larged iiortion at its lower end wuich fits the pumping cylinder. The 







Fig. 96. — Forms of Pistons Commonly Employed in Gasoline Engines. A — 
Dome Head Piston with Three Packing Rings. B — Flat Top Form Almost 
Universally Used. C — Concave Piston Utilized in Knight Motors and Some 
Having Overhead Valves. D — Two-Cycle Engine Member with Deflector 
Plate Cast Integrally. E — Differential of Two-Diameter Piston Used in 
Some Engines Operating on Two-Cycle Principle. 

usual form of deflector plate is provided at the top of the piston and 
one may consider it as two pistons in one. 

One of the important conditions in piston design is the method of 
securing the wrist pin which is used to connect the piston to the upper 
end of the connecting rod. Various methods have been devised to 
keep the pin in place, the most common of these being shown at Fig, 
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96. The wrist pin 'should be retained by some positive means which 
is not liable to become loose under the vibratory stresses which obtain 
at this point. If the wrist pin was free to move it would work out of 
the bosses enough so that the end would bear against the cylinder wall. 
As it is usually made of steel, which is a harder material than cast 
iron used in C 3 dinder construction, the rubbing action would tend to 
cut a groove in the cylinder wall which would make for loss of power 
because it would permit escape of gas. The w^rist pin member is a 
simple cylindrical element that fits the bosses closely, and it may be 
either hollow or solid stock. 

The method of retention shown at A is tlie simplest and consists 
of a set screw^ liaving a projecting portion passing into the wrist pin 
and holding it in place. The screw is kept from turning or loosening 
by means of a check nut. The method outlined at B is similar to that 
shown at A, except that the wrist pin is solid and the ])oint of the 
set screw engages an annular groove turned in the pin for its recep- 
tion. A very positive method is shown at C. Here the reiention 
screws pass inlo the wrist pin and are then locked by a ])ie(‘e of steel 
wire wliich passes through suitable lioles in the ends. The nietliod 
outlined at D is sometime^ employed, and it varies from that shown 
at C only in tliat the locking wire, which is made of spring steel, is 
passed through the heads of the locking screws. Some designers ma- 
chine a large groove around the piston at such a point that when the 
wrist pin is put in place a large packing ring may be sprung in the 
git>ove and hold the wrist pin in place. 

The system shown at F is not so widely used as the sin^jler meth- 
ods, because it is more costly and does not offer any greater security 
when the parts are new than the simple lock shown at A. ^ In this a 
hollow wrist pin is used, having a tapered thread cut at each end. The 
wrist pin is slotted at three or four points, for a distance equal to the 
length of the boss, and when taper expansion plugs are screwed in 
place the ends of the wrist pin are expanded against the bosses. This 
method has the advantage of providing a certain degree of adjustmeht 
if the wrist pin should loosen up after it had been in use for some time. 
The taper plugs would be screwed in deeper and the ends of the wrist 
pin expanded proportionately to take up the loss motion. The method 
shown at G is an ingenious one, One of the piston bosses is provided 
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with a projection which is drilled out to receive a plunger. The wrist 
pin is provided with a hole of sufficient size to receive the plunger, 
which is kept in plat^e by means of a spring in back of it. This makes 
a very positive lock and one that can be easily loosened when it is 
desif'ed to remove the wrist pin. To unlock, a piece of fine rod is 
thrust into the hole at the bottom of the boss and puslies the plunger 
back against the spring until the wrist pin can be pushed out of the 
piston. 

Some engineers think it advisable to oscillate the wrist pin in 
the piston bosses, instead of in the connecting rod sma]l end. It is 
argued that this construction gives morp bearing surface at the wrist 
pin and also provides for more strength l>ecanse of ihe longer liosses 
that can be used. When this system is follow(*d the ])iston ])in is held 
in place by locking it to tlie connecting rod by some m(‘ans. At II 
the simplest method is outlined. This (*onsisted of driving a taper 
pin through both rod and wrist pin and then ])reventing it from back- 
ing out by putting a split cotter through the small end of the tapered 
locking pin. Another method, which is d('picted at T, consists of 
clamping the wrist pin by nieans of a suitable holt which brings the 
slit connecting rod end together as shown. 

Piston Bing Construction. — ^As all pistons must he free to move up 
and down in the cylinder with aiinimum friction, they must be less 
in diameter than the bore of the cylinder. The amount of freedom or 
clearance provided varies with the construction of the engine, but it 
is usual to provide from .005 to .010 of an inch to compensate for 
the expansion of the piston due to heat and also to leave* sufficient 
clearance for the introduction of lubricant between the working sur- 
faces. Obviously, if the piston were not provided with 2 )acking rings, 
this amount of clearance would enable a portion of the gases evolved 
when the charge is exploded to escape by it into the engine crank case. 
The packing members or piston rings, as they are called, are split rings 
of cast iron, which are sprung into suitable grooves machined on the 
exterior of the piston, three or four of these being the usual number 
supplied. These have sufficient elasticity so that they bear tightly 
against the cylinder wall and thus make a gas-tight Joint. Owing to 
the limited amount of surface in contact with the cylinder wall and the 
elasticity of the split rings the amount of friction resulting from the 
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contact of properly fitted rings and the cylinder is not of enough mo- 
ment to cause any damage and piston is free +o slide up and down in 
the cylinder bore. 

These rings are made in two forms, as outlined at Fig. 97. The 
design shown at A is tenned a concentric ring/’ because the inner 
circle is concentric with the outer one and the ring is of uniform 



Fig. 97. — Types of Piston Rings and Ring Joints. A — Concentric Ring. B — Ec- 
centrically Machined Form. C — Lap Joint Ring. D — ^Butt Joint, Seldom 
Used. E — Diagonal Cut Member, a Popular Form. 


thickness at all points. Tlie ring shown at B is called an eccentric 
ring/^ and it is thicker at one part than the other. It has theoretical 
advantages in that it will make a tighter joint than the other form, 
as it is claimed its expansion due to heat is more uniform. The piston 
rings must be split in order that they may be sprung in place in the 
grooves, and also to insure that they will have sufficient elasticity to 
take tlie form of the cylinder at the different points in their travel. If 
the cylinder bore varies by small amounts the rings will spring out a+ 
tlie points where the bore is larger than standard, and spring in at 
those portions where it is smaller than standard. 

It is important that the joint should be as nearly gas-tight as pos- 
sible, because if it were not a i^ortion of the gases would escape through 
the slots in the piston rings. The joint shown at C is termed a lap 
joint,"’ because the ends of the ring are cut in such a manner that 
they overlap. This is the approved joint. The butt joint shown at 
D is seldom used and is a very poor form, the only advantage being 
its cheapness. The diagonal cut shown at E is a compromise between 
the very good form shown at C and the poor joint depicted at D, It 
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is also widely used, though inost constructors prefer the lap joint, 
because it does not permit the leakage of gas as much as the other two 
types. 

The illustration at Fig. 98 shows a typical flat top piston, provided 
with diagonal cut concentric packing rings. One of these members is 



Fig. 98. — Showing Flat-Top Piston Proidded with Four Concentric Rings, One 
of the Packing Members and the Wrist Pin with its Bushing. 

shown on top of the piston and the wrist pin and the bushing which 
fits it and which is forced into the small end of the connecting rod 
are placed at one side. In some cases the piston rings are pinned in 
place in their grooves so that they cannot move around until they are 
, all in such a position that the slots will come in line. In others, it is 
believed that they are left free to turn that they will wear in place 
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and conform to &e bore cf the cylinder better than if they are kej^ 
from turning. When the rings a/e pinned t],ey usually have the diag* 
onal cut, wlnle those that are left free are usually provided with the 
lap joint. 

Connecting Bod Forms. — 1 he oonneoting rod is the simple member 
that joins the piston to the crank shaft and which tiansmits the 



Fig, 99. — T3rpical Connecting Rod and its Wrist Pin, Lower Bearing Cap Held 
by Four Bolts. White Metal Boxes in Cast Bronze Rod, 


power imparted to tlie piston by the explosion so that it may be use- 
fully ai)])lied. it transforms tlie reciprocating movement of the piston 
to a rotary motion at the crank shaft. A typical connecting rod and 
its wrist pin are sliown at Fig. 99. It will be seen that it has two 
hearings, one at eitlier end. The small end is bored out to receive 
the wrist pin wliich joins it to tlie piston, while the large end has 
a hole of sufficient size to go on the crank pin. The connecting rod 
is usually a steel forging, tliough it is sometimes made a steel or high 
tensile strengtli bronze casting. In all cases it is desirable to have 
softer metals than the crank shaft and wrist pin at the bearing point, 
and for this reason the connecting rod is usually provided with bush* 
ings of anti-friction or white metal at the lower end, and bronze at 
the upper. Tlie upper end of the connecting rod may be one piece, 
because the wrist pin can be introduced after it is in place between 
the bosses of the piston. The lower bearing must be made in two 
parts in moat cases, because the crank shaft cannot be passed through 
the bearing owing to its irregular fonn. 
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Some of the various designs pf connecting rods that have been 
used are shown at Fig. 100. That at A is a simple form often em- 
ployed in single-cylinder motors, having built-up crank shafts. Both 
ends of the connecting rod are buslied witli a one-piece bearing, as it 
can he assembled in place before the crank-shaft assembly is built up. 
A built-up crank shaft such as this type of connecting rod would be 
used with is shown at Fig. 106. The pattern shown at B is one that 
has been used to some extent on heavy work, and is known as tlie 
marine type.^^ It is made in three pieces, the main portion being 
a steel forging having a flanged lower end to whi(‘h the bronze boxes 
are secured by bolts. The modified marine type depicted at C is the 
form that has received the widest application in automobile constnu'- 
tion. It consists of two pieces, the main member being a steel drop 
forging having the wrist-pin bearing and the upjxT craiik-piii ])earing 
formed integral, while the lower crank-pin bearing mem])cr is a se])a- 
rate forging secured to the connecting rod by bolts. In this construction 
bushings of anti-friction m6tal are used at the lower end, and a l)ronze 
bushing is forced into the up])er- or wrist-pin end. ^Ilie rod shown 
at D has also been widely used. It is similar in constriu'tion to ihe 
form shown at C, except thal the upper end is split in order to permit 
of a degree of adjustment of the wrist-pin bushing, and the lower 
bearing cap is a hinged member which is retained l)y one bolt instead 
of two. When it is desired to assemble it on tlic crank shaft the lower 
cap is swung to one side and brought back into place when the con- 
necting rod has been properly located. Sometimes the lower bearing 
member is split diagonally instead of horizontally, such a construction 
being outlined at E. 

In a number of instances, instead of plain bushed bearings anti- 
friction forms using ball or rollers have been used at the lower end. 
A ball-bearing connecting rod is shown at F. The big end may be 
made in one piece, because if it is possible to get the ball bearing 
on the crank pins it wdll be easy to put the connecting rod in 
place. Ball bearings are not used very often on connecting rod 
big ends because of difficulty of installation, tliough when ai)plied 
properly they give satisfactory service and reduce friction to a mini- 
mum. One of the advantages of the ball bearing is that it requires 
no adjustment, whereas the plain bushings depicted in the other con- 
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iiecting rods must be taken up from time to time to compensate for 
wear. 

This can be done in forms shown at B, C, D, and E by bringing 
the lower bearing caps closer to the upper one and scraping out the 



Fig. 101. — Crank Shaft, Piston and Connecting Rod Assembly Used in Reo 

Motors. 


brasses to fit the shaft. A number of liners or shims of thin brass or 
copper stock varying from .00^ inch to .005 inch are sometimes inter- 
posed between the halves of the bearings when it is first fitted to the 
crank pin. As the brasses wear the shims may be removed and the 
portions of the bearings brought close enough together to take up any 
lost motion that may exist. 

The various structural shapes in which connecting rods are formed 
are shown in section at G. Of these the I section is most common, 
because it is strong and a very easy shape to form by the drop-forgings 
process. Where extreme lightness is desired, as in small high-speed 
motors used for cycle propulsion, the section shown at the extreme 
left is often used. If the rod is a cast member the cross, hollow cylin- 
der, or U sections are sometimes used. If the sections shown at the 
right are employed, advantage is often taken of the opportunity for 
passing lubricant through the center of the hollow round section on 
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vertical motors ot at the bottom of the U section,. which woald h&iasei 
on a horizontal cylinder pow^r plant. 

Caiii«Slidft Forms. — Piston and connecting rod types having ,he^^ 
described, the next component oi impurtance to receive attentioii.' 
should be the crank shaft. I'liebe vary in form according, to th# de- 
signs of the motor and number of cylinders employed. A typical 
crank shaft, piston, and connecting rod assembly which forms p^ ox 
the Keo motor is shown at Fig. 101, and the parts are so clearly a|^own: 
that no description is necessary. 

Before going extensively into the subject of crank-shaft construc- 
tion it will be well to consider cam-shaft design, which is properly a 
part of the valve system and which should he considered in connection 



Fig. 102. — Some of the Components of Corbin 40 ” Motor. A — Piston and Con- 
necting Rod Assembly. B — Inlet and Exhaust Cam Shafts. C — Twin- 
Cylinder Casting. 


with the other elements which have to do directly with cylinder con- 
struction. Cam shafts are usually simple members carried at the base 
of the cylinder in the engine case by suitable bearings and having the 
cams employed to lift the valves attached at intervals. A typical cam- 
shaft design is shown at Fig. 102 in connection with one of the 
cylinder castings and the piston and coni^ting rod assembly of tfe 
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©ortia ^^40^' mot^orl Two main methods, of cam-shaft construction 
art '“followed — ^that in which the cams are separate members, keyfed 
and pinned to the shaft, and the other where* the cams are formed 

The cam shafts shown at Fig. 102 are of the former type, as the 
cams are machined separately and held in place by means of keys and 



Fig. 103. — ^Typical Cam Shaft with Valve Lifting Cams and Gears to Operate 
Auxiliary Devices Forged Integrally. 


taper pins. The small gears used to drive some of the accessory me(*h- 
anism, such as the oil pump, timer, etc., are also separately formed 
and pinned to the cam shaft. At Fig. 103 the other method of cam- 
shaft construction is outline.;^. In this case not only tlie cams but also 
the gears used in driving the auxiliary shafts arc forged integral. 
This is a more expensive construction than that showm at Fig. 102, 
because of the high initial cost of forging dies as well as the greater 
expense of machining. It has the advantage over the other form in 
which the cams are keyed in place in that it is stronger, and as the 
cams are a part of the shaft they can never become loose, as might be 
possible where they are separately formed and assembled on a simple 
shaft. As an example of an auxiliary shaft carried at the side of the 
motor and driven from the cam shaft the assembly at Fig. 104 is 
given. This is driven from one of the small gears shown at Fig. 103 
and carries the ignition timer at the upper end and drives the oil 
pump through a spring coupling at its lower end. 

Crank-shaft Types Outlined. — ^The importance of the crank shaft 
has been previously considered, and some of its forms have been shown 
in views of the motors presented in earlier portions of this work. *The 
crank shaft is one of the parts subjected to the greatest strain and 
extreme care is needed in its construction and design, because prac- 
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tically the , entire duty of trans- 
mitting the .power generated by 
the motor to the gcarset de- 
volves uj)on it. Crank shafts are 
usually made of high tensile 
strength steel of special composi- 
tion. They may be made in four 
ways, the most common being 
from a drop or machine forg- 
ing which is formed approxi- 
mately to the shape of the fin- 
ished shaft and in rare instances 
they may be steel castings. 
Sometimes they are made from 
machine forgings, where con- 
siderably more machine work 
is necessary than would ])c the 
case where the shaft is formed 
between dies. Some engineers 
favor blocking the shaft out of 
a solid slab of metal and then 
machining this rough blank to 
form. In some single-cylinder 
motors of the enclosed fly-wlieel 
type the crank shaft and fly 
wheel are built up as a unit. 

The form of the shaft de- 
pends on the number of cylin- 
ders and the form lias jnaterial 
influence on the method of con- 
struction. For instance, a one-, 
two- or four-cylinder crank shaft 
could be made by either of the 
methods outlined. On the other 
hand, a three- or six-cylinder 
shaft is best made by the ma- 
chine forging process, because 



Fig. 104.— Auxiliary Shaft Used in 
nectioii with Cam Shaft Uriven A 
Spiral Gear Turns Timer and Oil 
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it Amp forged or cut from the blank it will have to be heated and the 
crank throws 1>ent around so that the pins will lie in three planes one 
htindred and twenty degrees apart, while the other types described 
need no further attention, as the crank pins lie in planes one hundred 



Fig. 105. — Showing Method of Making Crank Shaft. A — The Rough Steel 
Forging Before Machining. B — The Finished Six-Throw, Seven-Bearing 
Crank Shaft. 


and eighty degrees apart. This can be better understood by referring 
to Fig. 105, which shows a six-cylinder shaft in the rough and finished 
stages. At A the appearance of the machine forging ])efore any of 
the material is removed is shown, while at B the appearance of the 
finished crank slmft is clearly dei)icted. The built-up crank shaft is 
seldom used on multiple-cylinder motors, except in some cases where 
the crank shafts revolve on ball bearings and the connecting rods are 
provided with this form as well. * 

A typical single-cylinder high-speed motor is shown at Fig. 106, 
this being the De Dion-Bouton, a power plant which has been quite 
popular in France in the past for voiturette or small car use. In 
this design the fly wheels are enclosed in the crank case and the crank 
shaft is a built-up construction formed of five pieces. The two halves 
of the crank shaft fit into taper holes in the fly wheels and are hel^ 
securely in place by maans of keys and, clamping nuts. The crank pin 
is similarly retained. Brief study of the illustration will show ^this 
method of construction very clearly. It should be stated that this is 
seldom used on automobile motots but that it is very common con- 
struction in motorcycle power plante. 
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Fig. 106. — ^Defining Btiilt-up Crank-shaft Constmction Sometimes Used hi 

Motors. / 
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€tank-shaft form will vary with a number of cylinders and it is 
possible to use a number of different arrangements of crank pins and 
hearings for the same number of cylinders. The simplest form of 



Fig. 107. — Showing Form of Crank Shaft for Twin-Cylinder Opposed Power 

Plant. 


crank shaft is that used oh a one-cylinder motor, as it would consist 
of but one crank pin, two webs, and the crank shaft. As the number 



Fig. 108. — Two Forms of Four-Cylinder Crank Shaft. A — ^Five-Bearing Tjrpe 
with Fly-wheel Fastening Key at Front End. B — Three-Bearing Type with 
Flange for Securing Fly-wheel Formed Integral. 


of cylinders increase, as a general rule more crank pins are used. The 
crank shaft that would be used 6n a two-cylinder opposed motor is 
shown at Fig. 107. This has two throws and the crank pins are 
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spaced 180 degrees apart. The bearings are axceptionally Iwg and a 
flange is forged integral at the rear end for fly-wheel retention. Four- 
'cy Under crunk shafts may have two^ three or five main bearings and 
three or four crank pins. In seme forms of two-bearing crank shafts^ 
such as used when four cylinders are cast in a block, or unit casting, 
tw’o of the pistons are attached to one common cranl pm, so that in 
reality the crank shaft has but three crank pins. Such a form ia 
shown at Fig. 112, w^hich depicts a four-cylinder two-bearing crank 
shaft used on Chalmers^ motors. 

When the cylinders are cast individually five-bearing crank shafts 
are the rule. One of these, which is used on Maxwell engines, is shown 



Pig. 109. — ^Representative Three-Bearing Crank Shafts. A — ^For Use with 
Cylinders Cast in Pairs. B— Used with Individually Cast Cylinders. Note 
Round Section Portions Connecting Ends to Center Crank Throws. 


at Fig. 108, A. The three-bearing type shown at Fig. 108, B, is used 
when the cylinders are cast in pairs. Two other tliree-bearing' shafts 
used in four-cylinder motors are shown at Fig. 109, That at A forms 
part of the E, M. P. engine, which has the cylinders cast in pairs^ 
while the three-hearing four-throw type, shown at B, is used in the 
Eambler four-cylinder engine, which has individually cast cylinders. 
Six-cylinder crank shafts usually have four or seven main bearings 
depending upon the disposition of the crank pins and arrangement of 
cylinders. At Fig. 110 the bottom view of a Premier six-cylindet 
engine with bottom half of crank case removed is given. This illus^ 
trates clearly the arrangement of crank pins and main bearings wiien 
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the ei^k shaft is supported oa four journals. The crank shaft shown 
at Fig. 105, B, is a six-cylinder seven-bearing type. 



Fig. J.10. — ^Bottom View of Premier Engine Showing Four-Bearing, Siz-Cylindei 
Crank Shaft with Connecting Rods in Place. 

Ball-Bearing Crank Shafts. — ^W^hile crank shafts are usually sup- 
ported in plain journals there seems to be a growing tendency of late 
to use anti-friction bearings of the ball type for their support. This is 



Fig. 111. — ^Design of Four-Cylinder Crgnk Shaft Mounted on Two Annular Ball 
Bearings. Note Method of Fly-wheel Retention by Key and Taper and 
Bearing Housing. 
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©specially noticeable oi| block motors wtere but two main bearings are 
utilized. When ball bearings are selected A^ith proper relation to the ; 
load which obtains they will give very satisfactory service. They 
permit the crank shaft to turn with minimum friction, and if properly - 
selected will never net4 adjustment. The drawing at Fig. ll.T shows ' 
the usual method of mounting a four-cylinder crank shaft on two; : 
annular ball bearings. The front end is supported by a bearii^ v, 

is clamped in such a manner that it will take a certain amoui^ of load t? 
in a direction parallel to the axis of the shaft, while the rear end is 
so supported that tlie outer race of the bearing has a certain amount : 



Fig. 112. — ^Four-Throw, Two-Bearing Chalmers Crank Shaft Mounted on AnM- 
Friction Journals of the Ball-Bearing Type. 


of axial freedom or float.” The inner race or cone of each bearing 
is firmly clamped against shoulders on the crank shaft. At the front 
end of the crank-shaft timing gear and a suitable check nut are used,. : 
while at the back end the bearing is clamped by a threaded retentito 
member between the fly wheel and a shoulder on the crank shaft. The 
fly wheel is held in place by a taper and key retention. The ball bear-^ 
ings are carried in a housing of bronze oi malleable iron, which in 
turn are held in the crank case by bolts. The two-bearing crank 8haf^| 
shown at Pig. 112 is that used in Chalmers' motors, while a three*. . 
bearing crank shaft supported on anti-fric|ion members of the hiSLy 
type which has been used successfully on Lozier cars is shown at 
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.113; Figs, 111 and‘ 112 show designs of tWbearing^* four-cylinder 
crank shafts, such as used in block motors very clearly, while the 
form depicted at Fig. 113 forms part of a motor having the cylinders, 
cast in pairs. 



Pig. 113* — ^Four-Throw, Three-Bearing Lozier Crank Shaft and Connecting Rod 
Assembly Mounted on Three Large Annular Ball Bearings. Note Con- 
necting Rod Design and the Use of Plain Bearings at Both Wrist-pm and 
Crank-pin Ends. 

Hy-wheel Construction and Retention. — In explaining the princi- 
'ple of operation of the internal combustion engine it was made clear 
“that there were four strokes of the piston necessary to complete ^the 
cycle of operation in any one cylinder, and of these but one was a 
useful or power stroke. The gasoline engine would not be a practical 
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power produ^^r^ ^peciiitly if made in one- and two-cylinder pattCTne,. 
’without some means of equalizing the unevin power generation. lOon- 
sidering first the single-cylinder motor, we find that we have but one 
explosion every four strokes, and us this represents two revolutions of , > 
the crank shaft it will oe evident that it is necessary to store up energy 
by some means in order to liarry the crank shaft thiuugh the idl^ 
strokes. This is accomplished by supplying a heavy wheel which la 
secured in a positive manner to tl)e crank shaft and which turns with 
it. When the explosion drives the piston down considerable energy 
is stored in the fly-wheel rirn and it will continue to revolve after the 
impulse given it has diminished in value to a considerable extent. In 
fact there is enough energy stored in the fly wheel of proper weight 
to carry the piston tlirougli all the idle strokes and to equalize the 
torque produced. This insures an even turning moment and makea 
for uniform application of jiower to the mechanism. 

The fly-wheel weight is dictated largely by the number of cylin- 
ders employed, it being a general rule that the motors having the least 
number of cylinders require the heaviest fly wheels. This means that 
a single-cylinder motor will need a heavier equalizing member than 
one having a greater number of cylinders and a more even turning 
moment at the crank shaft. As an example of how the number of 
cylinders diradly affects fly-wheel w'eight, one may say that if a single- 
cylinder engine of given power required a fly wheel of two hundiffed 
pounds weight to equalize the power effect, a double-cylinder engine" 
would need one of about one hundred and sixty pounds, a four-cylin- 
der engine would use one weighing but one hundred pounds, while a 
six-cylinder motor would furnish a uniform torque with a fly-wheel 
member weighing no more than sixty pounds. Fly-wheel weight is 
determined by many conditions, some of the important ones being bore 
of the cylinder, speed of crank-shaft rotation, degree of compression,, 
and mode of transmission. It is common practice to provide a fly 
wheel somewhat heavier than the actual requirements on multi-cylin- 
der motors of large bore so that these may be more easily started by 
a petson of average strength. 

Fly-wheel types vary from simple spoked members resembling i , 
belt pulley with a heavy rim to others having fan-shaped spokes .anfl 
light rims. Where a sliding gear transmission is used it is customaiy 
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% iaifce one of the clutch menibers integral with Ihe-^flji* wheel, feor. 
’"’ms^ce, at Kg. 114^ typical fan-blade fly wheel adapted for use with 
a cone clutch is shown. This has a central web member which fonhs 




mi 


114.— Typical Fly Wheel Showing Fmale Member of Cone Clutch and Fan- 
. Blade' Spokes. Rim is 14fi^t Because of Large Diameter. 

''' ' 

a saucer-sliaped casting which serves as a female member 
<^iTie cone clutch. From the periphery of this, the spokes radiate td 
As the fly wheel is of comparatively large diamet^ the 
rim* i% lighter than would l)e necessary if the weight were concwtralteA 
nearer the center of the craflk shaft. At Fig. 115 the rear view/of a 
power plant is %iven: showing u simple type of fanrblade fl;f whe^^ 
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.which IS secun^ to th^^crsnk shaft by means of four bolts. AsfthiSfV 
* member ift, designed for use with a type ol gearset with the clutches : 



inoor|>orated, it is not necessary to provide for part of thfe dntch 
the fly-wheel easting. 

The diameter of a fly wheel must be held to oertein' liip^ 
tliilf restricts the useftil weight one can nut at the rim. 
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■ is placed low in the car it cannot be of large diametiBr, because 

one must have at least twelve or fourteen inches clearance between the 
bottom'iof the fly wheel and the roadway. Then again, the factor of 
centrifugal force must be taken into account, as when a fly wheel re- 
volve there is a tendency for the particles of which it is composed to 
fly out in a direction tangential to the circle of rotation, and this force 
tends to rupture the rim. If steel is used instead of cast iron, the 
fly Wlieel may be of larger diameter, because the stronger material has 
gmter resistance to this rupturing stress, but these wheels are not 
easy to make’ because in ordinary motor car sizes they must be steel 
Wstings and are thus quite costly. For^a cast-iron fly wheel a safe 
value for speed of rotation of a point on the rim is about a mile a 
minute. Jt will be seen that the diameter must be such that the fly 
wheel may be run at maximum speeds without danger of bursting. 

A fly wheel having a solid web joining the hub and rim is consid- 
erably stronger than one of the spoke type. The object of providing 
spokes shaped like fan blades is to take advantage of a suction effect 
produced to draw air from the motor compartment and exhaust it 
under the car. In some cars the draft created by the fly wheel js de- 
pended upon to supply the air needed for cooling the engine, either 
by applying it directly to the cylinders or by pulling it throng the 
interstices of a water-cooling radiator. It is considered desirable to 
concentrate as mufeh of the weight of the fly wheel at the rim as pos- 
sible, because the further away from center the weight is carried the 
more effective the fly wheel is as a reservoir of energy and equalizer 
of torque. 

Positive Hy-wheel Eetention Important. — Methods of fly-wheel re- 
tention vary to some extent, and the main point observed by most 
designers is to use as secure a method of attaching it to the crank shaft 
possible. The common systems of retention employed are shown at 
Pig, 116 . The simplest of these is depicted at A. This consists merely 
of forcing the shaft into the fly-wheel hub and keeping the fly wheel 
from turning on the shaft by a substantial key which fits keyways 
machined in both shaft and fly-wheel hub. This method was for- 
merly used to a greater extent than it is at present, but its use has 
been practically abandoned, except on marine engines, because the 
means of fastening was not reliable. The intermittent application of 




Fie. il6.— Outlining Methods of Fly-wheel Retention Commonly Use^ 

Gib Key. B — ^By Woodruff Key, Taper and Clamp Nut. C By Boltmg to 
Flange Forged Integrally with Crank Shaft. ^ 

sound was produced by the hammering action of the loose fly wheel 

on its retaining key. , , 

At B a system often employed on types of crank shafts where it 

is not practical to use the preferred method shown at C is outline. 
For instance, when ball bearings are applied it is necessary that they, 
be put on the shaft from each end and if a flange was formed integral 
it would not be possible to use ball bearings except of very large 
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again, aotae engineers using alloy steel lor crank-shaft construc- 
tion machine it from a sMb of that material, and in order to reduce 
cost of manufacture no attempt is made to form the flange integral 
with the shaft. In this the end of the shaft designed to support the 



Vif. 117. — Showing Method of Marking Rim of Six-Cylinder Fly Wheel for 
Guiding Repairman or Motorist to Retain Correct Valve Timing. 

fly wheel is tapered, as is also the fly-wheel hub. In addition to the 
taper, a Woodruff key is usually let into the shaft and keyway cut into 
the flyrwheel hub to receive it. When the fly wheel is forced on the 
taper by the clamping nut it is firmly retained by the key, and at the 
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same time the wedging cfect of the *ta;^r and the pressure of 
clamping nut prevents the fly wheel from loosening. The fly wheel at. 
B has a portion of the rim machined on a taper, so it can I’eceive the 
male member of a cone-type clutch. 

The fly wheel shown at C is held by the preferred method. In 
forging the crank shaft a flange is formed integral and tin: fly wheel 
is secured to this flange by means of suitable retaining screws or bolts. 
If these are properly fitted it is practically impossible for the fly 
wheel to loosen on tlie flange, and as the flange is a part of the shaft 
it is obviously impossible for it to become separated therefrom. The 
fly wheel shouTi at C is provided with a casing formed integral which 
is designed to receive a clutch of the multiple-disk pattern. 

The writer has previous!}" explained the action of the valve mech- 
anism and diagrams have been presented to show the sequence of the 
strokes. Most manufacturers mark the fly wheel with the various 
points at which valves should open or close. This not only facili- 
tates work at the plant of the producer, but it insures that the timing 
will be restored to the proper point in event of taking the engine down 
for repair at some garage or machine shop. The various points are 
laid out on the fly-wheel periphery by means of steel stamps or letters, 
which may be easily interpreted. The position of these lines is deter- 
mined by the peculiarities of that specific engine, and will vary in 
the different designs. The layout is always made with reference to 
some fixed point on the motor bed, this usually being a small metal 
pointer attached to a center point and known as a trammel.” The 
various points at which valves should open and close for a typical six- 
cylinder engine are clearly shown laid out on the fly-wheel ritn at 
Fig. 117. 

Engine-Base Construction. — One of the important parts of the 
power plant is the substantial casing or bed member, which is em- 
ployed to support the cylinders and crank shaft and which is attached 
directly to the motor-car frame. This will vary widely in form, but 
as a general thing it is an approximately cylindrical member which 
may be divided either vertically or horizontally in two or more parts. 
Automobile crank cases are usually made of aluminum, a material 
which has about the same strength as cast iron, but which only weiglm 
a thirds as much. In some cases cast iron is employed, but is ttbfc 
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favored by most engineers because of its brittle nature and low re- 
sistance to tensile stresses. Where exceptional strength is needed al- 
loys of bronze are used, and in some cases where cars are produced in 
large quantities a portion of the crank case may be a sheet steel or 
akiminum stamping. 

Crank cases are always large enough to permit the crank shaft and 
parts attached to it to turn inside and obviously its length is deter- 



Fig. 118. — Crank Case of Reo Four-Cylinder Motor, a Barrel Type with Ends 
Closed by Plates whi^ Support Crank Shaft. 


mined by the number of cylinders and their disposition. The crank 
case of the single-cylinder or double-opposed cylinder engine would 
be substantially the same in length. That of a four-cylinder will vary 
in length with the method of casting the cylinder. W^hen the four 
cylinders are cast in one unit and a two-bearing crank shaft is used, the 
crank case is a very compact and short member. When a three-bearing 
crank shaft is utilized and the cylinders are cast in pairs, the engine 
base is longer than it would be to support a block casting, but is 
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shorter than one designed to sustain indiVidunl cylinder (astings ai^ 
a five-bearing crank shaft. 

A four-cylinder crank case of the barrel type is shown at Fig. 118. 
The construction calls for tbe use of end-bearing plates, which cari^ 
the front and rear main journals. I?i order to gain access to the in- 
terior, large openings are provided at the side of the case and closed 
by plates when the assembly is completed. The cylinders are held in 
place by a series of stud bolts screwed into the top of the case, and a 
similar method of retention is utilized for the end plates. A projec- 
tion from the side serves to house the cam shaft, while the motor- 



Fig. 119.— Crank Case of Corbin “ 40 ” Power Plant Made in Two Halves. 
Crank-Shaft Bearings and Caps Secured to Upper Half, which also Has Si^ 
porting Arms Cast Integral. Lower Portion of Crank Case Simply Acts as 
Oil Container. This is the Common Construction. 

timing gears are protected by a separate casting member, which is 
part of the front bearing plate. It is now common constnietion to 
cast an oil container integral with the bottom of the engine base and 
to draw the lubricating oil from it by means of a pump. The aynto. 
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by wliich thfe motor is supported in the frame are substantial-ribbed 
members cast integrally. 

The approved method of crank-case construction favored by the 
ijotajority of engineers is shown at Fig. 119, bottom side up. The 
upper half not only forms a bed for the cylinder but is used to hold 
the 'crank shaft as Well. In the illustration the three-bearing crank 
dbaft is shown resting in the upper main bearing boxes which form 
part of the case, while the lower brasses are in the form of separately 
cast caps retained by suitable bolts. In the construction outlined the 
bottom part of the case serves merely as an oil container and a pro- 
tection for the interior mechanism -of the motor. 



Fig, I20.~-Bottom View of Inter-Stat^ Power Plant. Crank Case a Baml Form 
with Removable Bottom Plate to Permit Access to Engine Interior. Im- 
portant Power Plant Parts Clearly Shown. ^ 


In some instances where barrel-type crank cases are employe^, in- 
stead of using hand holes for adjustment in the side, the design is as 
shown at Fig. 120. The bottom of the crank case is left open in cast- 
ing and is closed by a, large plate. The interior parts of the engine 
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BJte clearly depicted, as they appear viewed from the bottom, and the 
accessibility afforded by this design should be readily perceived. En- 
gineers who favor unit power plants often include a portion of the 
crank case with the housing for the clutch and gearset. Sucli a 
cpnstruction is clearly shown at Fig. 121. It will he seen that a sub- 
stantial yoke member which encircles the fly wheel is used to join the 
gear case to the engine base. In this view the metliod of retaining 
the five-bearing crank shaft to the up])er half of tlie case is also 
shcrwTi. In designing crank cases the main thing to he considered is 
to have it’ of ample strength and to arrange the various parts so that 
the interior mechanism may be reached without dismantling the entire 
engine when adjustments are necessary. 

Typical Two-Cycle Motors. — As a general rule the two-stroke cycle 
engines that have been adajhed for automobile propiiLsion differ ma- 
terially from tlie simple forms previously described. Some makers, 
who use the simple form, have been able to scKuire very satisfactory 
results in practice by careful attention to port design. When a two- 
cycle motor is to be iised for motor-boat propulsion, it is a moderate 
speed proposition and great flexibility or efficiency are not sought. In 
the automobile, ]iowever,*the conditions that obtain make it necessary 
to design the power plant in sucli a way that it would have a wide 
range of speed and so that it can be easily accelerated from its lowest 
to its highest speed without missing explosions oi running irregularly. 

A sectional view through the cylinder of the Amplex two-cycle 
motor is shown at Fig. 122, A. This motor is a simple construction 
which resembles the marine type in general design, though great care 
has been taken in proportioning the ports and gas passages to obtain 
the flexibility which is so essential to the mofor-ear power plant. This 
motor is a three-port type and the gas is taken into the engine base 
through ports which are uncovered by the piston when it reaches the 
end of its compression stroke. When the parts are in the position 
shown at A, the piston has reached the top of its stroke and the com- 
pressed gas in the cylinder is ready for ignition. At- the same time 
the inlet ports just at the bottom of the piston have*' been uncovered 
and the gas flows through the intake manifold from the carburetor. 
In the other view shown at. B, the position of the parts when the pis- 
ton has completed its power stroke is depicted. The exhaust port is 
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fully opened and the burned gases are discharged through it. Com- 
munication is also made between tlie engine base where the charge 
has received preliminary compression necessary to insure its transfer 
through the safety screen and the open ports in the cylinder wall. 
The entering fresh gas is deflected to the top of the cylinder by the 
deflector plate provided on the top of the piston, as is usual practice. 
The Amplex motor is a four-cylinder type and gives very satisfactory 
results in practice. 

' The Legros two-cycle motor, which is of French derivation, em- 
bodies a distributor valve and a peculiar arrangement of pistons. In 
this construction a stationary member is placed inside of tlie regular 
working piston and it is tlie spaed between tlicse members that is 
utilized to store the gas taken in, prior to transferring it from the 
pump portion of the engine to the combustion chamber. The action 
is very similar to that of the usual form of differential piston motor. 
When the piston goes up on the compression stroke it draws in a 
charge of gas from the carburetor througli the rotary distributor 
valve and up through the passage which joins the valve chambers to 
the space between the stationary and movable pistons. When the 
piston reaches the top of its stroke the rotary valve turns to such a 
position that it cuts off the carburetor from tlie pum])ing chamber and 
provides communication between the pum])ing chamber and the cylin- 
der by means of the usual transfer passage and inlet ports cored into 
the cylinder wall. Otherwise the action is just the same as that of 
the more simple foi.ms of engines. The construction of this motor is 
clearly shown at Fig. 123, and as all parts are clearly indicated the 
principle of operation should be easily grasped. 

Another differential piston motor designed by a French engineer, 
Monsieur Cote, is shown at Fig. 124. In this a double-diameter 
piston is used and the cylinder is formed so tliat the smaller of these 
members fits the upper portion while the large end of the piston fits 
the correspondingly enlarged lower portion. The functions of com- 
pression and explosion of the charge take place in the smaller cylinder, 
while the lower member acts as a pump. On every downstroke of the 
piston a charge of gas is drawn into the annular space between the 
piston and cylinder wall, and on every upward stroke it is compressed 
a.nd forced into the working cylinder adjacent. The construction out- 




Combuation Chamber 


Dhtrtbutor Vabm 








Dhtrlbutor Drlua Chain 


\ \A 

Carburetor \X 
Butanoa Weight \. ^ 

Crankahafi ^ 


'/ ,1 h 




^ y 

\ y Cc 


Conrmting I 


Fig. 128.— Sectional View Showing Construction of Legros (French) Motor 
Defining Peculiar Cylinder Construction. 
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lined is applicable only to motors having an even number of cylinders, 
and the arrangemeixt must be such that tliey will work in pairs and 
that the piston in one cylinder will be at one end of its stroke while 



Fig, 124. — The Cote (French) Two-Cycle Motor is a Good Example of the Type 
Employing a Two-Diameter Piston and Distributor Valve. ^ 


that of its mate is in the other extreme position. The peculiar type 
of transfer passage depicted is necessary because the pumping por- 
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tion of one cylinder must be joined to the worki-.g portion of the other 
member* Outside of peculiurities of coni^ti iictiortj the opersting cycle 
is just the same as other two-stroke l•ngIne^ aud an explosion is ob- 
tained in each cylinder every two sirokes of the piston. 




Cfagoiim 

' peimg it to prelimmary compression. The pump chamber is divided 
from the crank case by a flange^ which also acts as a guiding member 
for the bottom of the large piston. At the end of the downstroke 
each piston uncovers a ring of ports, the outer member opening the 
exhaust while the inner piston controls the inlet openings. A pecu- 
liar form of crank shaft having two throws for each cylinder is used, 
and the crank to which tlie inner piston is attacdied has twice the 
amount of throw the crank connected to tlie larger member has. Tliis 
means tlirt both pistons work in the same direction, but that the 
inner member travels twice the distance the big pi^^toii does. Tlie, 
crank wiiich controls the mo\en2ent^of the outer piston is gi\en a lead 
of about twenty degrees so tliat tlie exhaust porta are opened at tlie 
proper time in relation to the opening of the inlet passages. 

When the pistons travel on the upstroke, the inner one is com- 
pressing a charge pievioualy supplied the working cylinder and simul- 
taneously fresh gas is being instiired into the pump chamber. When 
the pistons reach the top of the stroke the spark takes place and 
the resulting explosion drives the piston down and imparts power to 
the crank shaft in tlie usual manner. At the same time that the pis- 
tons arc driven down by tlie explosion, the new charge which has been 
drawn in through tlie puiii]) chamber is partially compressed. Near the 
end of the stroke tlie outer piston unco\ers tlie exliaust ports, and tlie 
bunied gases escape by \irtue of their pressure. The inlet ports open 
and new gas enters the cylinder in the usual manner and is directed to 
the top of the cylinder by the peculiar formation of tlie outer jiiston, 
which acts as a chimney to direct the gases to the lop ()*f the combus- 
tion chamber. As the now charge enters at considerable speed the 
liigh velocity of the gas forces out the burned ])roducts and insures 
thorough scavenging. The view at A is a side section and depicts tlic 
arrangement of the pistons relative to eacli other and the peculiar 
arrangement of the crank shaft. At B an end section is presented, 
this to show the angularity of connecting rods, showing liow the short 
throw crank is given a slight lead over that which works the inner 
piston. The inset at C is given to enable the reader to understand the 
principle involved in controlling the intake and exhaust ports. 

Typical Four-Cycle Power Plants. — The writer has previously men- * 
tioned the fact that most engineers favor the four-cycle form of power 
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plants aiid th® majority of tbe descriptive matter presented in this 
cliapter lias dealt specifically with this form of engine. As a fitting 
conclusion a brief description of some representative American power 
])Iant8 will be given. At I'lg. V:i() the inlet side of a four-cylinder 
water-cooled motor is illustrated, wlule the exhaust side of the same 
])ower plant is depicted at Fig. It will be observed that the 



Fig. 126.— Inlet Side of Typical Four-Cylinder Power Plant Showing Carburetor 

and Magneto Placing. 


carburetor and magneto are placed on the side of the motor with the 
inlet valves while tlie water pump is installed on the exhaust side. 
The front end of the power plant is supported by a steel member 
bolted to the upper part of the crank case, while the rear portion is 
fastened to the frame by means of arms cast integral with the upper 
half of the engine base. The cylinders are cast in pairs with water 
jackets integral, while the engine base is made in three pieces and is 
divided horizontally. 





Fig. 127. — ^Exhaust Side of Four-Cylinder Power Plant Showing Water Pump 

Location. 





Fig. 128. — Valve Side Regal Motor Showing Compactness of Design Possible 
witii L Cylinder Construction. Note Manifold Placing and Magneto and 
Carburetor Location. 
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The valve side of a light four-cylinder power plant used on Eegal 
motor cars is shown at Pig. 1?8. Tliis demonstrates ciearly the com- 
pact design possible with “ L ” head cylinders, which permits placing 
both inlet and exhaust valves on the same side of the motor. The 
placing of the magneto ami the methotl of pvotceting the wires lead- 
ing from it to the spark plugs at the top of the cylinders, as well as 



Pig. 129. — Exhaust Side of Coltunbia “ Mark 86 ” Motor. Note Enclosed Valve 
Springs and Arrangement of Parts. 


the method of retaining the inlet and exhaust manifolds, are clearly 
outlined. No water pump is employed on this engine, the natural 
or thermo-siphon system of water circulation being depended upon to 
adequately cool the cylinders. 

The exliaust side of the Columbia Mark 85 four-cylinder motor is 
illustrated at Fig. 129. In this the cylinders are of the “ T ” head 
type and are cast in pairs. Attention is called to the method of ei^- 
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closing the valve springs and operating plungers to keep them free of 
grit and to minimize noise incidental to the valve mechanism. The 
water pump is driven by a shaft extending from the gear case at the 
front end of the motor while the oil-circulating pump is suspended 
^t the rear of the crank ease between the oil container and the fly 
wheel. 

While the gi*eatest number of automobiles use four-cylinder power 
plants, there are a number of manufacturers who provide engines hav- 



Fig. 130. — ^Inlet Side of Matheson ‘‘ Silent Six Power Plant, aij Overhead Valve 

Type. 


ing six cylinders. As a rule these do not differ materially from the 
four-cylinder forms, except for the addition of an extra pair of cylin- 
ders and the added length to the crank case that this makes necessary. 
The six-cylinder motor shown at Fig. 130 is a distinctive construction 
in which the cylinders are cast in pairs and have valves in the, head. 
A very compact powei* plant is made possible by the peculiar form of 
the cylinder castings which have flat ends so that they can be placed 
very close together. It is seldom that more than six cylinders are 
used, but there have been automobiles made for racing purposes that 
had eight and even twelve cylinders. 
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When an eight-cylindei motor is nsed it js usnally of the V 
type, i. e., the cylinders are arran.^i d in t A^o r^ts of four, as shown at 
Fig. 131. This view represents a motor w^dch has been designed for 



Fig. 131.— View of Eight-Cylinder Hendee Motor, a Type Seldom Used om 
Motor Cars, but Popular for Aviation. Eight-Cylinder Motors 
for Automobile Propulsion are Always of tte V 

pactness and no Greater OveraU than the Usual Four-Cylmder Power Umt. 


aeronautic service, but when eight-cylinder power plants are used for 
automobile propulsion they are built very much the same The reason, 
that the cylinders are arranged opposite each other and at an angle in- 
stead of being placed one after the other is that the “V” construe- 
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tion makes it possible to use a crank case which is not much longer or 
heavier than would be needed for the conventional four-cylinder mo- 
tor. An eight-cylinder engine is rather complicated, and difficulties 
obtain in lubrication, cooling, and ignition, so that this type is not 
apt to become very popular, even though it furnishes power very stead- 
ily when all cylinders are working. An eight-cylinder motor of the 
four-cycle t3^pe will give four explosions every revolution of the crank 
shaft or one impulse every quarter turn. A car equipped with such 
a motor would be much more flexible tlian witli a lesser number of 
cylinders, but as the four- and six-cylinder forms give practically a 
uniform and regular turning movement of the crank shaft it is not 
considered advisable to use more thaii six cylinders in touring cars 
and four (‘yliiiders in motor trucks. 



Fig. 181a. — ^Part Sectional View of the De-Dion Eight-Cylinder “ V ” Type Auto- 
mobile Motor. 
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T'le cross section of the De-Dion 8-c3^1inder V type automobile 
motor is outlined at Fig. 131a. The cylimlo'^s are water-cooled with in- 
tegral L head and water jackets, and have the valves placed side by side, 
so that all valves may be operated from a common camshaft. The cam- 
shaft is mounted directly above the crankshaft in the portion of the 
case between the two sets of cylinders. It is disposed in such a way .that 
simple rocker levers or bell cranks which carry rolls at one end '‘will 
ride on tlie cams and lift tlie valves by the conventional push-rods 
carried in guides at the top of the crank case. The valve action is 
ingenious and offers the important advantage of employing but one 
cam for two of tlie valves in opposite cylinders. This type of motor 
has received but limited application in automobiles. 

Cyclecar Power Plants. — IMic typo of power plant utilized in cycle- 
car propulsion depends entirely upon the nature of the vehicle. For 
instance, the simple type or true cyclecars use motors patterned after 
forms that have received general application in motor-cycle service, 
while the light cars or those which follow automobile practice more 
closely employ water-cooled motors, usually of the four-cylinder type. 
The engine shown at Fig. is a two-cylinder form that will develop 
about 12 II. P. at a maximum speed of 2,500 r. p. m., and follows 
motor bicycle practice very closely in that it employs two air-cooled 
cylinders, disposed one each side of the crank case centre line at an an- 
gle of about 22J degrees with the crank case centre line, or one might 
say that the two cylinders had an included angle of 45 degrees. As 
is common with the liglit engines used in motor cycles, the inlet valves 
are mounted above the exhaust valves and are operated by tappet rods 
and rocker arms, whereas the exhaust valve stems are actuated directly 
by the usual form of push rods. In order to make for steady running, 
the motor is provided with an outside flywheel in addition to the bal- 
ancing members mounted inside of the enclosed crank case. To in- 
sure adequate cooling when the vehicle is standing still, a two-blade 
fan directs a current of air against the cylinders. Ignition is by high 
tension magneto and the weight of the entire power plant, including 
magneto, carburetor, external flywheel, and cooling fan, is but one hun- 
dred pounds. This tj^pe of motor is efficient, fairly well balanced, and 
powerful enough for the simple form of cyclecar that does not weigh 
over five or six hundred pounds. It will propel such vehicles at speeds 




Fie. 131b. — ^Front and Side Views of the Spacke De Luxe Cyclecar Motor. 






Fig. 131c. — A Two-Cvlinder Vertical Engine of English Design. A T^ne Used on Some Foreign CTclecanL 
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up to 50 miles per hour without difficulty, and is very economical 
of fuel, inasmuch as one gallon of gasoline will serve for 50 miles if 
the carburetor is properly adjusted. 

Another form of motor which has been adapted to cyclecar service 
in England is sho’wn at Tig. This is a two-C 3 dinder wa^ter- 

cooled tyj)e having the cylinders east in a pair with a < omnion water- 
jacket. The cylinders are of the?* '^I'-hcad type and follow conventional 
practice in regard to the location and operation of the valves. It 
will be noted that tlie crank pins are spaced 180 degrees apart, which 
means that while the engine has a fair mechanical balance, it will 
not have a good exidosion balance, because the power impulses are 
not separated by equal intervals, one occurring immediately after the 
other and then a lajise of one turn of the %wheel takes place before 
another power imjmlse is obtained. This form of motor is used to 
some extent, hut is not as popular as the Y type, when onl^" two cyl- 
inders are used. The two-evlinder vertical form has received much 
wider application in Euroj)e than in America. In tins country the two- 
cylinder y type or horizontal opposed motors are preferred. 

Many four-cylinder motors employed on light cars follow the gen- 
eral lines of design depicted at Fig. 131 This motor, which is 
uiilized on the Maxwell 25 automobile, is of the same general pat- 
tern emjdoved in the Ford, Metz and other light cars. The cylinders 
and upper lialf of tlie crank case are cast together, while the cylinder 
head, wliich* also includes tlie valve chamber, is a separate casting 
secured to the cylinder block by holts. A gas-tight joint is obtained 
between the two members by a copper asbestos gasket, which is tightly 
compressed to form a. very satisfactory packing when the -retention 
bolts are properly tightened. 



CHArTEll V 


Defining the Liquid Fuels Commonly Used and ^fetliods of Vaporizing to 
Obtain Explosive .(ias — IVIethods of Carrying Fuel in Automobiles — De- 
velopment of jVIodern Carburetor from Early Va])orizer Forms — Elements 
of Carburetor ]X‘sigii Outlined — Typical Casoline Vaporizers Described in 
Detail — How Kerosene !May be Utilized — Discussing Fuel Supply by Direct 
Injection — Inlet and Exhaust !Manifold Dq^^ign — jVlutller Forms in Common 
Use. 

There is no applianc^e that has more material value iii)on the efTi- 
cieney of the internal coialaistion motor than the carburetor or vapor- 
izer whi('h sii])plies tlio explosive g:as lo tlie (ylimhM's. It is only in 
recent years that engineers have realized the iiiii)()rtance of using car- 
buretors that are efficient and that are so strongly made that there 
will lie little liability of doT'angement. As the power obtained from 
the gas engine depends n])on* the combustion of fuel in the cylinders, 
it is evident that if the gas supplied does not liave the proper propor- 
tions of elements to insure rapid eomhustion the eni(‘iency of the 
engine will be low. When a gas engine is used as a stationary instal- 
lation it is possible to use ordinary illuminating or natural gas for 
fuel, but when this prime mover is a])plicd to automobile or marine 
service it is evident that considerable difTiculty would he experienced 
in carrying enough compressed coal gas to supply the engine for even 
a very short trip. Fortunately, tlie develojmient of tlie internal com- 
bustion motor was not delayed by the lack of suitable fuel. 

Engineers were familiar with the properties of certain liquids 
which gave off vapors that could he mixed witli air to form an exido- 
sive gas which burned very well in the engine cylinders. A very small 
quantity of such liquids would suffice for a very satisfactory period of 
operation. The problem to be solved before these liquids could Jbe 
applied in a practical manner was to evolve suitable apparatus for 
vaporizing them without waste. Among the liquids that can be com- 
bined with air and burned, gasoline is the most common and is the 
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fuel utilized by tlie niajoriiy of internal combustion engines employed 
in self-propelled conveyances. 

The widely increasing scope of usefulness of the internal cpmbus- 
tion motor lias made it imperative ^hat oHier fuels be applied in some 
instances because the supply of gasoline may in time become inade- 
(piate to supply the demand. In fact, abroad this fuel se^^s for fifty to 
two hundred jier cent inoni than it does in America bcijause most 
the gasoline used must be imported from this country or Kussia. 
Because of this foreign engineers have exjicrimented widely with 
other substances, suc*li as alcohol, lienzol, and kerosene. The proper- 
ties of these fuels, their derivation and use should be considered 
fully before describing the ty])es of apjiaratus utilized for vajiorizing 
them. 

Distillates of Crude Petroleum. — Crude petroleum is found in small 
quantities in almost nil jiarts of the world, Imt a largo portion of that 
produced coininercially is derived from American wells. The petro- 
leum obtained in tliis country yields more of the volatile products than 
those of foreign production, and for that reason the demand for it is 
greater. The oil holds of this country are found in Pennsylvania, 
Indiana, and Oliio, and the crude petroleum is usually in association 
with natural gas. This mineral oil is an agent from which many 
compounds and p) rod nets are derived, and the products will vary from 
heavy sludges, such as asphaK, to the lighter and more volatile corri- 
poiuMits, some of which will evaporate very easily at ordinary tem- 
peratures. 

The com})()uiids derived from crude petroleum are composed prin- 
cipally of hydrogen and carbon and arc termed ]rydro-Carl)ons.^’ In 
the (U’lide product one finds many impurities, such as free carbon, 
sulphur, and various earthy elements. Before the oil can be utilizeU 
it must be subjected to a process of purifying which is knoTO as re- 
fining, and it is during this process, which is one of destructive dis- 
tillation, that the various liquids arc separated. The oil is broken up 
into three main groups of products as follows : Highly volatile, naph- 
tha, benzine, gasoline, eight to ten per cent. Light oils, such as kero- 
sene and light lubricating oils, seventy to eighty per cent. Heavy oils 
or residuum, five to nine per cent. From the foregoing it will be seen 
that the available supply of gasoline is determined largely by the de- 
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mand existing for the light oils forming the larger part of the prod- 
ucts derived from crude petroleum. 

As a very small portion of the distillates can bo used with ordinary 
vaporizing devices any improvements to make possible the use of less 
liquid or utilize tlie cheaper fuels, such as kerosene, will be of great 
value^ in increasing the usefulness of internal comlmstion motors. 
Considerable attention is being given to mixing devic-es whic'h will 
permit the use of kerosene, and many authorities have agreed that this 
material or alcohol will l)e the fuel of the future. ^Vo show tlie enor- 
mous consumption of gasoline in this country, it has l)een said tliat if 
all of the engines in use which depended on this fuel were to })e oper- 
ated continuously together for a ten-hoiu* day that over five million 
gallons of liquid would be consumed. When one (‘onsiders that the 
number of explosive engines is constantly augmenting it will not be 
difficult to perceive the reason why the development of devi(*es to use 
fuels other than gasoline should be encouraged. 

Benzol and Its Properties. — In England, where gasoline sells for 
fifty cents a gallon or one liundrcd and fifty per cent more than the 
average price in this country, engineers liave sought to use benzol, 
which is said to be adaptable to the present tyj)es of motors without 
change, and in cases where it has been used as much power is obtained 
as with gasoline. This material is a by-product incidental to the 
manufacture of illuminating gas and coke, and whil(» it was formerly 
distilled from coal-tar and obtained only in small quantities, imj)roved 
methods make it possible to produce about three gallons from every 
ton of coal changed into coke or gas. The former material was at one 
time produced ])y a pro(*ess which permitted the gas to escape, but at 
the present time this is retained and condensed to form benzol. The 
crude product is a foul-smelling liquid which lias about the same con- 
sistency and color as heavy ale. When subjected to a refining process 
the dirty liquid is converted to one that is about the same color as 
water. 

Benzol is not so volatile as gasoline, but it is claimed that a motor 
may be started without difficulty with this fuel supplied to a carbu- 
retor of ordinary construction. Owing to the greater number of htiat 
units it contains, it is said it will develop more power than gasoline, 
and as it will not evaporate so readily it does not become stale or 
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heavy by the vaporization of the lighter constituents. A disadvantage 
incidental to its nse has been tliat owing to It being richer in carbon 
than gasoline it would deposit more of this substance on the piston 
head and interior of the combustion eh«mber. While this maj’ be true 
of a poorly refined benzol and when mixture proportions are not cor- 
rect, it applies equally well when low grades of gasoline are used and 
when the mixture of gasoline vapor and air supplied the cylinders is 
too rich. 

Special Vaporizers Needed for Kerosene. — As keri)sene forms one 
of the larger portions of the distillates of crude oil it is apparent that 
if this material could be used as fuel for internal combustion engines 
it might replace gasoline to a certain extent. If considered from a 
point of view of heat units contained or heating value kerosene would 
he a better fuel than gasoline, though considering it with its other 
disadvantages in mind it is not so suitable for use in existing types 
of motors. Tlic chief difficulty which retards its use is that it will 
not vaporize readily at ordinary temperatures, and before it will evap- 
orate sufficiently to form a gas with air it must be heated. This calls 
for specdally constructed vaporizing devices and jacketed manifolds, 
wdiicli wdll be described in proper sequence. Owing to the low rate of 
evaporation it is contended that it cann(»t be used successfully on high- 
speed motors Avhere flexibility of control is desired and wdiere the 
engine must be ac'celerated from its minimum to the highest speed in 
a short time. On slow and moderate speed motors, such as used for 
stationary and marine service, kerosene has been employed with some 
degree of success. It contains more carbon in its composition, and as 
the combustion of kerosene vapor is not so apt to be as complete as 
gasoline gas, more carbon wall be deposited in the interior of the com- 
bustion chamber than when gasoline is burned. 

Advantages of Alcohol. — Considerable experimenting with alcohol 
has been done by French and German engineers, and there are many 
points to be considered in its favor when discussing its value as a fuel. 
Alcohol, instead of being derived from natural mineral deposits, which 
become more and more depleted as the demands increase, is derived 
from various plants and vegetables and is the one fuel that can be 
produced in quantities that could be augmented as the demand for it 
increased. The vegetable substances which are distilled to make alco- 
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hoi are reproduced each cycle of seasons, and in tropical countries 
there is no cessation to the growth of tlie vegetation. The raw mate- 
rials from which alcohol may be manufactured are found in all parts 
of the earth. It is derived from any substance wliich contains either 
starch or sugar, and it can profitably be produced from fruits, grains, 
and vegetables. It may be made from beets, sugar-cane, rice, barley, 
rye, corn, wheat, or potatoes, and decaying fruit or other refuse, 
which could not be utilized otherwise, may be subjected to a process 
of distillation and alcohol derived therefrom. 

Alcohol dilfers materially from gasoline, and as it is less volatile 
it requires more heat to vaporize it. Alcohol vapor can be compressed 
to a greater degree than the vapors of gasoline, and as tlie Ijcat units 
liberated from a fuel vary wdth the degree of compression even thougli 
alcohol gives out less heat when burned under tlie same conditions, 
higher efficiency may be obtained by compressing the alcohol vapor to 
a higher degree. Wliile this substance has been used for a decade or 
more abroad, in engines designed especially for its use, it lias not been 
applied with any degree of economy in motors designed for use with 
gasoline. 

A motor constructed for tme with alcohol must use a higher deg|!|e 
of compression than a gasoline motor, and a form of carburetor which 
will heat the mixture before it is taken into the cylinder should be 
used. An engine designed for gasoline will use twice as much alcoliol 
as it does gasoline to develop the same amount of energy, though in a 
special motor the same amount of power will be obtained as when 
equal quantities of gasoline are burned in the conventional* engine# 
One of the disadvantages of alcohol that is shared in common with 
kerosene is that it is difficult to start an engine when cold, as alcohol is 
not very volatile unless lieated. 

The amount of air necessary for complete combustion is roughly 
» estimated at one third that needed with gasoline. Twice the amount 
of compression before ignition can be used with alcohol vapor. The 
range of explosive mixture proportions of alcohol and air is much 
greater than that possible with gasoline and air. Various authorities 
have stated that a compression of one hundred and fifty pounds per 
square inch is possible with alcohol, but it is doubtful if automobile 
engines will ever be built using such high degrees of compression. 
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A new process has been recently dcvelopei with a view of permit- 
ting one to use alcohol in engines of present design with no change 
except a special form of vaporizer. In this the alcohol vapor is passed 
through calcium carbide l^efore it enters the cylinder. The water 
whicli is present in commercial alcohol and which lowers its efficiency 
as a fuel is absorbed bv the carbide and tlic resulting chemical action 
liberates acetylene gas. 'J^his is very inflammable and increases the ex- 
plosive value of the alcohol va})or. When the alcohol-acetylene combi- 
nation is used, to obtain the same thermal efficiency as with gasoline 
gas, it is net^essary to add water lo the alcohol until a solution con- 
taining sevent(?en per cent water and eighty-three per cent alcohol is 
obtained. 

This is no great disadvantage, as water costs notliing to speak of, 
and the iiuu’case in the bulk of the fuel nearly pays for the carbide. 
It is estimated that one ])ound of earbidc is used per gallon of liquid. 
As the market ])ri('e of carbide in lots of one hundred pounds or more 
is but four to five cents per ])oiind, the only objection that can be ad- 
vanced to the ])r()coss is the increased complii*ation of the vaporizing 
ai)]>liance. The combination of alcohol atid acetylene has proved effi- 
cient on motors emj)loying compressions as low as sixty pounds to the 
square inch and running as high as two ihoiisand revolutions per min- 
ut(‘, ])ut when used alone the slow l)urnmg qualities of alcohol vapor 
has made it most (‘flicic'iit on slow-speed high-compression motors. 

Alcohol used for fuel i)ur|)oses must he rendered unfit for drinking 
by mixing substances witli it which are not palatable, hut which do 
liot interfere with its use as a fuel. When so treated the substance 
is called denatured alcohol. Among the siil^stances wlinffi may be 
mixed with the ethyl ah-oliol are wood al(*oliol, benzine, and benzol, 
and various distillates of crude petroleum. (Chemists contend that it 
is better to use a hydrocarbon, such as benzol, than the wood alcohol, 
as a deiiaturizing substance, bei^ause wood alcohol tends to produce 
acetone and other compounds which are of corrosive nature and which 
might corrode the metal parts of the cylinder wliich were exposed to 
the effects of a by-i)r()(luct resulting from incomplete combustion of 
such a vapor. 

Alcohol has the advantage in that the fire risk is less than with 
gasoline. The latter is a more volatile liquid than alcohol, and is 
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more dangerous because it evaporates more readily. The flame of 
burning gasoline is one which radiates heat rapidly, wdiercas the alco- 
hol flame does not radiate heat to such an extent. A mass of burning 
gasoline will generate sufliciciit heat to set objects at a considerable 
distance from it on fire. Tlie heat from burning alcohol goes upward 
and exists mostly in the hot gases evolved by the flame. A gasoline 
fire is spread by w'ater, wliereas burning alcohol may be extinguished 
by it. Gasoline is niucli lighter than w^ater and floats on its surface, 
but alcohol is, so nearly the same density that it will mix with the 
w’^ater. 

If one (‘ompares the chemical composition of alcohol and gasoline 
it will be found that it recpiires less air to burn a pint of alcohol than 
the same amount of gasoline. The oxygen contained in the alcohol 
tends to make combustion better, and there is practically no residue 
left in an engine burning alcohol gas. The exhaust from any of the 
petroleum distillates wdll smell strong and be smoky if an excess of 
fuel in proportion to air is in the mixture. The l)urned products of 
an alcohol mixture are not objectional)le even if there is an excess of 
alcohol. These exhaust gases ])esides being more agreeable to the 
senses are cooler and cleaner, and as they contain a smaller propor- 
tion of free carbon less of this is deposited in the combustion chamber 
and muffler. 

Among the conditions wliich are unfavorable to the use of alcohol 
and which militate against its use at tlie present time can be cited 
the present types of engines and carburetors, and the high pri(*e of 
denatured alcohol. Wliile alcohol has not been extcnsiv(i1y (Experi- 
mented with in this country, because tlie supply of gasoline at the 
present time seems adequate, it is expected that, should there be 
a shortage of this valuable commodity, forms of vaporizers will be 
devised which will permit the use of al(*.ohol in connection with pres- 
ent-day forms of inotors. Some authorities contend that alcohol will 
be the fuel of the future, while others believe that kerosene is more 
adaptable for use in the hydrocarbon motor. 

Solid Gasoline as a Fuel. — Experiments are being conducted^ in 
Europe with gasoline in the solid form, which is said to have some 
advantages over the liquid fuels. Solid gasoline is a transparent 
product wliidi is in the form of a jelly, having sufficient consistency 
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so that it can be handled like any other solid bodj. It can be cut 
into pieces Just as gelatine can, and may be conveyed in wooden or 
cardboard boxes. If examined ander the microscope its structure is 
similar to that of a very fine sponge and the theory L that lif^uid gaso- 
line is present in the pores, its properties in general are the same as 
liquid fuels as it evaporates very easily, and lias the same heat value. 
When solid gasoline is heated it does not melt under ordinary condi 
tions but evaporates. If it is lighted it does not melt, but burns like 
wood, and the flame may be easily extinguished by covering witli a 
piece of cloth. 

Solidified gasoline has about eighty per cent the bulk of ordinary 
li(juid gasoline; wJiereas a gallon of liquid will occupy a space of 231 
cubic incJies, tlie same amount solidified will occupy but about 185 
cubic inches. ^Flie mixture may he easily obtained, as solid gasoline 
dissolves in air at ordinary temperatures and yields a combustible gas 
which may be used in cx])losion motors. Solid gasoline can be used 
witliout first converting it into a liquid and a mixture of gasoline 
vapor and air is formed by causing a slightly heated current of air 
to pass over ilie surface of the solid fuel. It is claimed that a very 
good mixture is ohiained. Appliances designed for carbureting solid 
gasoline utilize the exliaust gases of the motor as a source of heat for 
securing more ready evajioration. 

In the cxpei’i merits made abroad a special form of carburetor was 
constructed to use with solid fuel. This was composed of a box with 
a vseries of pipes in its lower portion tlirougli which the exliaust gases 
from the engine were jiassed. A plate which formed the bottom of the 
fuel compartment whic'li was 28 inches by 17 inches wide by 17 inches 
high was placed on these pipes. The solid gasoline was not placed 
directly on the bottom of tlie box but on a wire mesh screen which 
formed a false bottom, raised about two indies from the true bottom 
of the fuel compartment. Four cakes of solid fuel, each seven inches 
square by three and one half inches thick, were placed on the wire 
screen. An air inlet was provided at one end of the box, the air being 
drawn through the space between the bottom of the fuel box and 
the false bottom of wire mesh on which the fuel rested. As it passed 
it brushed by the gasoline which had been forced through the mesh 
in a form very rhuch the same as icicles and which offered a very 
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large surface for contact. The carbureted air was passed into a mix- 
ing box fitted with extra air openings and from thence to the inlet 
pipe of the motor. Four gauze screens were interposed between the 
mixing and fuel chambers in order to prevent ignition of the gas in 
the fuel compartment should the motor back fir(\ 

Wien the apparatus was cold tlie motor did not run vciy well, but 
after it had been running for several minutes and the lieating pipes 
raised in temperature the engine worked verv well. This crude ex~ 
perunent showoil that tiio ratio of weight of solid gasoline to the li(juid 
fuel for equal work done was eighty-three and five tenths per cent, 
which meant that considered on a basis -of weig/it ihai twenty-three 
per cent less solid fuel was needed to obtain tlie same power, and that 
eighty-three and five tenths per cent of solid gasoline would do as 
much work as one hundred per cent of liquid ruel. 

It is not likely that gasoline in this form will ever be used to 
any extent because the carburetor used will have to be very bulky and 
very much different in constniction from that used for tlie liquid. 
The argument tliat solid gasoline is safer than liquid gasoline is not 
borne out by facts because it^will evaporate quite readily and give off 
vapors at ordinary temperatures. It is open to question whether a 
fuel can be handled easier in solid or liquid forms. It would seem to 
the writer that it would be as easy to pour fuel out of a (*an directly 
into a suitable container as it would be io luindlc it in the form of 
blocks. The expense of solidifying the liquid would probably be suf- 
ficiently large so that any advantages accruing would be more than 
balanced by disadvantages of some moment. When one considers that 
all motor vcliicles now in use are fitted to burn liquid gasoline the diffi- 
culty experienced in attempting to put the solid fuel on the market, 
even if it was chea])er than the liquid form, will be readily understood. 

Principles of Carburetion Outlined. — The process of carburetion is 
combining the volatile vapors which evaporate from the hydrocarbon 
liquids with certain proportions of air to form an inflammable gas. 
The quantities of air needed vary with different liquids and some 
mixtures burn quicker than do other combinations of air and vapor. 
Combustion is simply burning and it may be rapid, moderate, or 
slow. Mixtures of gasoline and air burn quickly, in fact, the combus- 
tion is so rapid that it is instantaneous and we obtain what is com- 
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monly termed an " explosion.” Therefore the explosion of gas in the 
autonio))ile eii^iru? cylinder which produces the power is really a com* 
bination of chemical elements whi( h produce heat. 

If the gasoline mixture is not properly proportioned the rate of 
buriiin^^ will vary, and if the mixture is either too rich or too weak 
the power of ihe explosion is reduced and tlie amount of power applied 
to tlie piston is decreased j>rop()rtionately. In determining the proper 
])roportions of gasoline and air, one must take the ch/mieal composi- 
tion of gasoline into at'count. 'riie ordinary liquid used for fuel is 
said to contain about eighty-four per cent carbon and sixteen per cent 
hydro^ai). Air is composed of oxygen and nitrogen and the former 
lias a great aflinity, or cojnbining power, with the two constituents of 
liydrocarhon li(juids. ^riierefore, whar we call an ox])losion is merely 
an indication that oxygen in the air has combined with the carbon and 
hydrog(‘n of the gasoline. 

In ligm‘ing ihe ])ro})er volume of air to mix with a given quantity 
of fuel, one takes inlo account the fact that one ])Ound of hydrogen 
reejuires eight pounds of oxygen to burn it, and one pound of carbon 
needs two and one third pounds of oxygen to insure its combustion. 
Air is (^onipos(^d of one part of oxygen to three and one half portions 
of nitrogen by weight, '^riierefore for each pound of oxygen one needs 
to burn Jiydrogen or carbon four and one half pounds of air must be 
allowed. 'J\) insure combustion of one pound of gasoline wliich is com- 
])Osed of hydrogen and carbon we must furnish about ten pounds of air 
to burn the earhoii and about six pounds of air to insure combustion of 
hydrogen, the otber com])onent of gasoline. This means that to burn 
one i)Ound of gasoline one must provide about sixteen ])Ounds of air. 

Wliile one does not usually consider air as liaving much weight at 
a tom]>erature of sixty-two degrees Fahrenheit, about fourteen cubic 
feet of air will weigh a pound, and to burn a pound of gasoline one 
would require about two hundred cubic feet of air. This amount will 
provide for combustion theoretically, hut it is common practice to 
allow twice this amount because the element nitrogen, which is the 
main constituent of air, is an inert gas and instead of aiding combus- 
tion it acts as a deterrent of burning. In order to be explosive, gaso- 
line vapor must he combined with definite quantities of air. Mixtures 
that are rich in gasoline ignite quicker tlian those which have more 
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air, but these are only suitable when starting or wlicn running slowly, 
as a rich mixture ignites much quicker than a weak mixture. I'he 
richer mixture of gasoline and air not only burns quicker but produces 
the most heat and the most etfective pressure in pounds per s(iuare 
inch of piston top area. 

The amount of compression of the cliarge before ignition also has 
material bearing on the force of the explosion. I'lie higlier the degree 
of compression the greater the force exerted ])v the rapid t‘onil)ustion 
of the gas. Mixtures varying from one part of gasoline va])or to four 
of air to others having one pari of gasoline va])or to thirteen of air 
can be ignited, but tlie best results are obtained when tlie proportions 
are one to five or one to seven, as this mixture is the one that will 
produce the highest temperature, the quickest explosion, and the 
most pressure. 

What a Carburetor Should Do. — While it is a]>parcnt that the cliief 
function of a carbureting device is to mix hydroi^arfion vapors with 
air to secure mixtures that 'will burn, there arc a number of fa(’tors 
which must be considered before describing tlie juincijiles of vapor- 
izing devices. Almost any device which permits a cui*renl. of air to 
pass over or through a volatile Ihjuid will produce a gas which will 
explode when compressed and ignited in the motor cylinder. Modern 
carburetors are not only called upon to sujiply certain (juantities of gas, 
but these must deliver a mixture to tlie cylinders that is accurately ])ro- 
portioned and whicli will be of proper composition at all engine speeds. 

Flexible control of the engine is sought by varying the engine 
speed by regulating the supply of gas to the cylinders. The power 
plant should run from its lowest to its highest speed without any 
irregularity in torque, i. e., the acceleration should he gradual rather 
than spasmodic. As tlie degree of compression will vary in value with 
the amount of throttle opening the conditions necessary to obtain 
maximum power differ with varying engine speeds. Wlieii tl>e throt- 
tle is barely opened the engine speed is low and the gas must be richer 
in fuel than when tlie throttle is wide open and the engine speed high. 

When an engine is turning over slowly the (compression lias h^w 
value and the conditions are not so favorable to rapid (ioiribustion as 
when the compression is high. At high engine speeds the gas velocity 
through the intake piping is higher than at low speeds, and regular 
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engine action is not so apt to be disturbed by condensation of liquid 
fuel in the manifold due io excesfeively rich mixture or a superabund- 
am'(‘ of ]ic|uid in tlie sireani of carbureted air. 



Fig. 132. —Illustrating Method of Storing Fuel in Brush Bunabout, which 
Permits Short and Direct Gasoline Piping. 

Liquid Fuel Storage and Supply. — The problem of gasoline storage 
and method of supplying the carburetor is one that is determined 
solely by design of the car. While the object of designers should be to 
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Kg. 133. — ^Defining the Usual Methods of Fuel Storage in Motor Cars. A — 
Tank Back of Seat. B — Round Tank at Rear of Chassis, Common on Rac- 
ing Cars. C — Container Under Front Seat, the Conventional Method. D — 
Tank at Rear of Frame, Underslung, which Makes Pressure-Feed Neces- 
saxy. 
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supply the fuel to the carburetor by as simple means as possible the 
fuel supply system of some cars is quite cornnlex. The first point to 
consider is the location of the gasoline tame. This depends upon the 
amount of fuel needed and the space available in the car. 

A very simple and compa<.L fuel supply system is shown at Fig. 
132, whicli represents a plan view of the motor compartmeni of the 
Brush Kunaliout. The powiT plant in this little car is a single-cylin- 
der engine of comparatively low power and correspondingly low fuel 
consumption. As it does not require much gasoline to run a small 
engine one can obtain a satisfactory touring radius on one filling of 
a comparatively small tank. In this instance the fuel container is 
suspended from the dashboard and is placed immediately back of the 
engine cylinder. The carburetor which is carried as indicated is 
joined to the tank by a short piece of copper tubing. This is the 
simplest possible form of fuel supply system. 

As the sizes of cars increase and the power plant capacities aug- 
ment it is necessary to use more fuel, and to obtain a satisfactory 
touring radius without frequent stops for filling the fuel tank it is 
ne(*essary to supply large containers. The j)rincipal methods of carry- 
ing fuel are depicted at Fig. 133. At A the tank is placed back of 
the seats and is oval in shape. It can be easily filled, and is carried 
liigh enough above the carburetor so that the fuel will run from the 
tank by gravity. The tank shown at B is a cylindrical form of large 
capacit}”, and is mounted at the extreme rear end of the chassis. This 
member also is mounted high enough above the carburetor so the gaso- 
line will flow to it by gravity. 

In some touring cars sufficient space is provided for the recep- 
tion of a fair-sized tank under the front seats, as shown at C. In 
this the tank is rectangular and is placed on suitable channel members 
so it can be supported on top of the frame. When a very powerful 
power plant is fitted, as on touring cars of high capacity, it is neces- 
sary to carry large quantities of gasoline. With the latest forms of 
bodies with low seats it is very difficult to find space enough for the 
placing of an adequately large tank. The usual method is depicted 
at D. In this the large fuel container is carried under the frame 
members at the extreme rear of the chassis. When installed in this 
manner it is necessary to force fuel out of the tank by air pressure or 
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to puTTip it ])ecaii.Sf^ the gasoline tank is lower than the carburetor it 
supplies. 

A typical fuel aysteui in which the tank io placed under the seat^ 
as depicted at Fig. i;{3. A, is showTi hi detail at Fig. 134. The carbu- 
retor is shown in section aiid is attached to iiie cylinders by means of 
a T form buili-u]) Tnanifojd. The gasoline tank is ioined to a 
filter by a short length of pipe and after the li qahl ])a 8 ses through the 
filter it goes to the carburetor through a suitable length of brass or 
copper tubing. '^JMie filter is an important little device which Tenioves 
a 113 ^ Avater, sediment, or other foreign matter from the fuel before it 
roaches the float (diamlKU’ of the carburetor. 
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Fig. 135. — Unconventional System in which a Pump is Depended Upon to Draw 
Fuel from Container and Deliver It to Vaporizer. 

Ilie fuel system shown at Fig. 185 shows how the gasoline may be 
raised to the carburetor when the tank is placed at the rear of the 
chassis, as shoivn at Fig. 133, D. A gear-driven plunger pump takes 
the fuel from the tank through the suction pipe and delivers it to the 
supply bowl of the carburetor, which it fills to a height determined 
by an overflow tube. When the liquid in the supply compartment of 
the carburetor exceeds the predetermined level it returns to the tank 
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through an overflow pipe. Two pumps are provided, one worked I)v 
the engine^ the other manualJy operated. Tlie Iiand pump is used in 
emergencies, such as for priming the carburetor or for regular supi)ly 
of fuel in case of failure of the main pump. 

Tlie most common method of supplying gasoline to tlic carburetor 
when the tank is carried so low that the fuel will not flow l)y its weiglii 
is to pump air or gas into the supply tank and displace the gasoliiu^ 
by its pressure. From the main supply tank the fuel goes to a small 
auxiliary tank carried on the dash of the power-plant compartment. 
A short pipe connects this small container with the carburetor, and 
as this auxiliary tank is higher than the mixing device the find will 
flow by gravity. If the gasoline under *pressiirc was fed din'ctly to 
the carburetor it might result in an oversupply of fuel hecai.^ i there 
might exist pressure enough to force the gasoline into tlu‘ lloat cham- 
ber because the shut-olf needle valve would not seat ])ositively. '^I'he 
auxiliary tank is generally provided with some form of automatic cut- 
off mechanism, which interrupts the fuel supply when the small con- 
tainer is nearly full. 

Early Vaporizer Forms. — The early types of carbureting devi(^es 
were very crude and cumbersome, and the mixture of gasoline vapor 
and air was accomplished in three ways. The air stream was passed 
over the surface of the liquid itself, through loosely plai-ed al)S()rhent 
material saturated with liquid, or din^ctly through the fuel. The flrst 
type is known as the surface carburetor and is now ])ra('ti(‘ally obso- 
lete. The second form is called the wick carburetor because the 
air stream was passed over or through saturated wiching. The third 
form was known as a ^M)ubbling” carburetor. The illustrations at 
Fig. 136 show the principles of operation of two of the earliest forms 
of carbureting devices tluit were applied to change lifpiid gasoline into 
an explosive vapor. That shown at A consisted of a large (ylinder 
divided into three parts by slieet metal partitions. The uf)per one was 
utilized as a fuel compartment, and this was joined to the main tank 
by suitable piping. The center compartment was gas storage spac^e, 
and was divided from the bottom chamber by two perforated baffle 
plates. The lower portion of tlie cylinder was filled with wickhig. 
This wicking was kept saturated with gasoline supplied from the up- 
permost compartment through a pipe which directed the stream of 
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liquid against the center of the top baffle plaie. Ah this member was 
provided witJi a large nurrjher of holes the i^asdine was divided into a 
iniinber of fine streams and the entire mass of wicking was saturated. 



Fig. 136. — First Forms of Gasoline Vaporizers. A — An Early Wick Carburetor. 
B — Type in which Air is Drawn Through Fuel to Charge It with Explosive 
Vapor. 


When tlie piston of the motor went down on its suction stroke air 
w^as drawn in tlirougli tlio air pipe at the bottom of the vaporizing 
device and into tlie cent(‘r compartment or gas ehani])er through the 
'wicking. In ])assing tlirough this saturated material the air became 
cluirged wdth gasoline vapor and tlie resulting gas w^as supplied to 
the cylinder through the mixture pipe. This method of vaporizing the 
gasoline produced mixtures extremely rich in fuel and in order to 
burn these successfully, a simple form of valve wdiich permitted a 
certain amount of pure air to enter the cylinder and dilute the rich 
charge was provided in the mixture pipe. 

The carburetor shown at B is known as the filtering’’ or bub- 
bling ” type. This consists of two chambers : one to hold the fuel, the 
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otlier utilized as a gas storage or mixing chamber. A telescopic air 
pipe is needed, one portion fixed to the tank, the other, or sliding mem- 
ber, is carried by a float which maintains a certain definite distance 
between a deflector plate on the pipe and the surface of the liquid. 
The air enters through the air tube at the top, passes down under the 
surface of the gasoline, and is saturated with fuel particles. The rich 
gas flows into the mixing chamber through screens of wire gauze and 
after mixing with air entering through the auxiliary air regulator, the 
gas passes from the mixing chamber to the engine cylinder through 
suitable piping. 

While thc*se primitive forms gave fairh' good results witli the early 
slow-speed engines and the high grade, or very volatile, gasoline wliieli 
was first used for fuel, they w'ould be entirely unsuitable for present 
forms of engines bec'ausc they would not carburate the lower grades 
of gasoline which are used to-day, and would not supply the modern 
high-speed engines with gas of the proper consistency fast enough 
even if they did not have to use ver}^ volatile gasoline. '’Die form of 
carburetor used at the present time operates on a diflVront principle. 
These devices are known as s])raying carburetors.^’ The fuel is re- 
duced to a spray by the suction effect of the entering air stream draw- 
ing it through a fine opening. 

The advantage of this constnudion is that a more thorough amal- 
gamation of the gasoline and air particles is obtained. AVith the (‘ar- 
lier types previously considered the air would combine with only the 
more volatile elements, leaving the heavier constituents in the tank. 
As the fuel became stale it was difficult to vaporize it, and it fiad to bo 
drained off and fresh fuel provided before the proper mixture would 
be produced. It will be evident that when the fuel is s]>ray('d into the 
air stream, all the fuel will be used up and the heavier portions of 
the gasoline will be taken into the cylinder and vaj)orizcd just as well 
as the more volatile vapors. 

The simplest form of spray carburetor is that shown at Fig. 137. 
In this the gasoline opening through which the fuel is sprayed into the 
entering air stream is closed by the spring-controlled mushroom valve 
which regulates the main air opening as w^ell. When the engine draws 
in a charge of air it unseats the valve and at the same time the air 
flowing around it is saturated with gasoline particles through the gaso- 
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line opening. The mixture thus formed goes to the engine through 
the mixture passage. Two methods of varying the fuel proportions 
are provided. One of these consists of a needle valve to regulate the 
amount of gasoline, the other is a kniuled screw which controls the 
amount of air by limiting the lift of the jump valve. 



Fig. 137. — Marine-Type Mixing Valve, by which Gasoline is Sprayed into Air 
Stream Through Small Opening in Air-Valve Seat. 


Wliilc practically all modern motor cars use spraying carburetors 
having automatic fuel regulation, in rare cases one sometimes finds 
the earlier forms of carburetors used in improved and modified types. 
The wick carburetor, sliown at Fig. 138, is that used on Lanehester 
(English) cars. In this the gasoline is taken from the main tank by 
means of a pump and forced up through the delivery pipe into a com- 
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partment in which a number of wicks are placed. The fuel is main- 
tained to a certain level by means of an overflow pipe which returns 
any excess to the tank. The entering air stream which is taken from 
a jacket around the exhaust pipe and thoroughly heated pasvscs through 
the 'Sticks and becomes thoroughly saturated with gasoline. It is well 
mixed with the liquid vapors by passing through screens which sepa- 
rate the wick compartment from the mixture pipes. An auxiliary 
air pipe and valve are provided to dilute tlie rich gas before it passes 
into the motor through the usual form of inlet manifold. 



Fig. 138. — ^Lanchester Wick Feed Carburetor. The Only Modem Adaption of 

Earlier Forms. 


This is the only instance at the present time to the writer’s 
knowledge where the earlier forms of carburetors have survived. 
One still finds many vaporizer valves, as shown at Fig. 137, used 
in marine installations, though there is a growing tendency at the 
present time to use more modern spraying carburetors in this figld 
as well. 

Development of Float-Peed Carburetor. — The modern form of 
spraying carburetor is provided with two chambers, one a mixing 
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chamber through which the air stream passes and mixes with a gaso- 
line spray, the other a float diamber in which a constant level of fuel 
is maintained by simple mechanism. A jet or standpipe is used in the 
mixing chamber to spray the fuel through and tlie o’ojeot of the float 
is to maintain the fuel ]e\e] to such a point that it will not overflow 
the jet wlieii the motor is not drawing in a cljt'Tge of ga*^. With the 
simple forms of generator valve in which the gasoline opening is con- 
trolled by file air valve, a leak anywhere in either valve or valve seat 
will allow the gasoline to flow coniinuoubly whether the engine is 
drawing in a charge or not. The li(iuid fuel collects around the air 
opening, and when the engine inspires a charge it is saturated with 
gasoline globules and is excessively rich. With a float-feed construc- 
tion, which maintains a constant level of gasoline at the right height 
in the staiHl])i])e, liquid fuel will only be supplied when drawn out of 
the jet by tlie suction effect of the entering air stream. 

Tlie first form of spraying carburetor ever applied successfully 
was e^’olved by Maybacdi for use on one of the earliest Daimler engines. 
The general princ*iples of operation of this pioneer float-feed carbu- 
retor are showui at Fig. 139, A. The mixing chamber and valve cham- 
ber w^ere one and the standpipe or jet protruded into the mixing cham- 
ber. It w as connected to the float (*ompartment by a pipe. The fuel 
from the tank entered the top of the float compartment and the open- 
ing w^as closed by a needle valve carried on top of a hollow metal float. 
When the level of gasoline in the float chamber was low^ered the float 
would fall and the needle valve uncover the opening. This would 
permit the gasoline from the tank to flow into the float chamber, and 
as the chamber filled the float would rise until the proper level had 
been reached, under which conditions the float would shut off the gaso- 
line opening. On every suction stroke of the engine the inlet valve, 
which w’as an automatic type, would leave its seat and a stream of air 
would be drawn through the air opening and around the standpipe or 
jet. This would cause the gasoline to spray out of the tube and mix 
with the entering air stream. 

The form shown at B was a modification of Maybach’s simple 
device and was first used on the Phoenix-Daimler engines. Several 
improvements are noted in this device. First, the carburetor was 
made one unit by casting the float and mixing chambers together in- 
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Fig. 139. — ^Tracing Evolution of Modem Spray Carburetor. A— Early Form Evolved by Maybach. B — Phoeniz-Daiml^ 
Modification of Maybach’s Principle. C — Modem Concentric Float Automatic Compensating Carburetor. 
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stead of making them separate and joining them by a pipe, as shown 
at A. ^J''lie float construction was improved and tlie gasoline shut-ofl 
valve w^as operated through leverage instead of being directly fastened 
to the float. 'IMie spray nozzle was surrounded by a choke tube which 
concentrated tlie air stream around it and made for more rapid air 
flow at low engine speeds. A conical piece w^as placed ovor tlie jet to 
break u]) tlie entering spray into a mist and insure more intimate 
adnuA'ture of aii- and gasoline. Tlie air opening was provided with 
an air cone tvhicli had a sliutter controlling the opening so that the 
amount of air entering could he regulated and thus vary the mixture 
proportions witliin certain limits. 

''.I'he form showui at 11 has been further improved, and the type 
shown at (■ is representative of modern practice. In this the float 
chainher and mixing clianilier arc concentric. A balanced float 
mechanism wdiicli insures steadiness of feed is used, the gasoline jet 
or stand])ipe is proA'ided w'itli a needle valve to vary the amount of 
gasoline supplied tlie mixture and tw'o air openings are provided. The 
main air ])ort is ai the bottom of tlie vaporizer, while an auxiliary 
air inlet is provided at the side of the mixing chamber. There 
are two methods of eonirolling the mixture proportions in this form 
of carlnindor. One may regulate the gasoline needle or adjust the 
auxiliary air vahe. A full description of the modern types of carbu- 
rc'tors wdll he given in proper sequence. 

Elements of Carburetor Design. — Tlie design of the components of 
modern carbiireturs differ largely, but most of the modern mixing 
devices ojKU’aie on the same general principle. Certain features of 
design liave been ac'f'opted generalh% such as automatic mixture com- 
pensation by auxiliary air valves, Venturi type of mixing chamber, 
float and mixing chamber concentric, separate adjustment for gaso- 
line and air, and simplicity of construction. 

Automatic compensation is made necessary because a satisfactory 
mixture must be furnislied at all engine speeds without the operator 
constantly varying the, fuel supply or air proportions to allow for 
different conditions of operation produced by varying speeds. On 
early types of carburetors it was necessary to constantly vary the mix- 
ture proportions by working the air shutter or fuel valve from the 
driver’s seat while the vehicle was in motion. The aim was to secure 
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a mixture that was best adapted to the conditions of operation then 
present, and while a skillful driver would manipulate the adjustments 
in a way to deliver well-proportioned mixtures to the cylinder the 
avera^ye operator did not control the mixture exactly and the results 
obtained did not make for efficiency. 

The 'vriter lias described the process of carburet ion, and it is e\i- 
dent that the gas is supplied the cylinder by tlu' pumping eHeet of 
the piston. The velocity of the entering gases dejicnds upon engine 
sjieed, and as the draught diminishes it will not ])ick up as miuli find 
as when it is tra\eling at a higher rate. '’Jdio prc'senl t^pe of i*om])en- 
sating carburetor ])roAides for a suftkdenily rajiid 11 of gas at low 
speed b}" const rictiiig* the mixing-chamber liore at the s])ray iio/zle st) 
that the gas speed will he sufficiently iiigh wlwn Ihe on^iin^ is pump- 
ing slowdy. The reduced diameter of the mixing chamber iiu'ivases 
the velocity of the gases because the cylinder must be tilled through 
a smaller liolc in a certain unit of time than w^ould lie tlie ('ase if the 
bore w’ere larger. Therefore to insure a full su])])]y reaeliing the 
cylinder the gases must pass the top of the jet at a high rate of 
speed e\en if tlie piston is w^orking slowdy. As tlie ojiening is eon- 
stri('ted not enough air wdlldic drawn in at high speed, and it is neces- 
sary to sujiply it through an auxiliary opening usually controlled by 
some automatic form of vahe. This can he adjusted to o])en only 
wdien the suction elfect is sunicicntly high to overcome the tension of 
the spring wdiicli holds the vahe to the seat, and this increased suc- 
tion effect oldains only at liigli speeds. 

Tlie Venturi type of mixing cliamhcr is one wdiicdi is ])ejijg widely 
used at the present lime because it has properties wdien properly pro- 
portioned of insuring high gas velocity at low engine sjieed. Special 
care must he tak'^ui in the proportions of the air jiassage, as it is m^c'cs- 
sary that the area be large enough to allow the air stream to pass 
through freely, yet at the same time it must lie constidcted to siu'li 
a point that the entering air stream will pass the to]) of a standpijx* 
with sufficient momentum to draw an adecjuale supply of gasoline 
from the spray nozzle. The velocity of the air stream has been vari- 
ously estimated, hut most authorities are agreed that it should be from 
7,000 to 9,000 feet per minute to insure picking up a sufficient amount 
of liquid as it passes around the spray nozzle. 



If one compares the carburetors shown at Fig. 139, B and C, one 
will find that there may be two distinct forms. In that shown at B 
the mixing chamber is set to one side of the float compartment while 
at C the mixing chamber is concentric with the compartment in which 
the float is carrie<l. The reason for putting the mixing chamber in 
the center of tlie float is to insure a constant level of fuel in the stand- 
pipe regardless of tlie way the carburetor is tipped. With a mixing 
device having two cliamhr‘rs, as shown at B, the level in the float 
compartment and tlie sjiray nozzle will be at the same height only 
when tlie carburetor is on the level. In ascending or descending hills 
either the float chaniher will be higher than the mixing cliamber or the 
reverse ('ondilioiis obtain. 

At siK'li times that the mixing chamber is Idglie^ than the float 
(‘ontainer flic levcd of fuel in the jet will be lower than it should be. 
If, at the oilier hand, the float chamber is higher than the jet the 
fuel will overflow and the mixture will lie excessively rich. With 
a (‘arhurotor const rucied as depicted at V, the spray nozzk'. is at a 
central point and the level will not vary appretdahly if the carburetor 
tilts one way or the otlier. This insures an even gas supply which in 
turn produ(‘(‘s unifoi’in motor action. The engine is not alternately 
starved or flooded, and the mixture j'roportions remain practically 
the same. 

In most cases carburetor designers lielieve it desirable to incorpo- 
rate sejiarate adjustments for gasoline and air, in order that all tem- 
perature variations lie ('oinpensated for. When an automatic air valve 
is ])rovided and tlie spray-nozzle ojieiiing is controlled by a needle 
vnlve it is jiossible to obtain a wide variety of mixtures. With this 
form of construetioTi two adjustments are provided which may le 
used sejiarately or worked in unison as conditions demand. Gas mix- 
tures having proportions best ada})ted for low and medium speeds are 
usually obtained by regulating the gasoline valve, while the best high- 
speed adjustments are secured by altering the tension of the valve 
spring which regulates the air supply by restricting or increasing the 
lift of the air valve. 

Mixing Chamber Forms Commonly Used. — One of the most impor- 
tant points to be considered is to provide a mixing chamber of such 
form that a direct passage will be provided for the charge to enter the 
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cylinder. Any eliarp angles or turns are apt to cause trouble because 
the gas speed will be retarded and an op]>ortunity afforded for the 
condensation of fuel on sharp corners. A number of representative 
forms of mixing chambers are shown at Fig. 140. That at A lias been 
very popular and the gradual curve permits the gases to flow easily. 
The ^pray nozzle is inserted at tlie point where tlie gases turn and 
there is no possibility of the entering air stream passing tlie gasoline 
supply pi}>e without picking up some fuel. 



Fig. 140. — Showing Common Forms of Mixing Chambers and Spray Nozzle 

Locations. 

The form of mixing chamber shown at B is a ])referred form, as 
the passage for the gas is direct to the engine i)ipes and tliere is no 
opportunity for the collection of liquids at any sliarp conier. It is 
apparent tliat tlie diameter of tlie air-pipe bore is less around the 
spray nozzle than it is at the ])oint above the gasoline supply jet. 
This gives a Venturi effect, which is known to jiroduce automatic mix- 
ture variations. The Venturi tube construction is valuable because 
it insures high gas velocity at low engine speed. 

The theory of A^enturi tube or constricted air passage can be easily 
understood if one considers the basic facts properly. When any fluid, 
either liquid or gaseous, passes through a tube the volume passing will 
be the same at all points if the bore of the pipe is constant. If gas 
flows through a pipe having a variable section the quantity of gas or 
liquid flowing through the tube remains the same, but the velocity is 
inversely proportional to tlie area of the section at different points. 
Therefore, if the air passage is contracted at a certain point the speed 
of the air stream will be greater where the area of the opening is 
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less. As will be evident the air passage is usually ccnstricted at the 
spray nozzle for reasons previously outlined 

111 the form of mixing eliamber shown at A no auxiliary air device 
is provided, but in that depicted at B an auxiliary air valve is pro- 
vided at one side of the .mixing chaniber. The form of air passage 
outlined at C is not as satisfactory as tlic simpler forrrs, whicli pro- 
vide for more direct gas flow. In this the ente.ing air is forced to 
turn a sharp corner, and tlie resistance this offers will seriously retard 
the speed of the entering air stream. The form of mixing chamber 
outlined at B is tliat commonly used. 

Problem of Float-Bowl Design. — J^ext in importance to tlie mixing 
chamber form is Ihe problem of float-chamber design, and the ineeh- 
anisin wliic'ii regulates the height of tlie fuel in the spray nozzle should'"^ 
be as simple and as positive in action as possible. The float and nee- 
dle sliould be so arranged that the gasoline will be regulated in such 
a manner tliat as soon as the proper level is reached the gasoline ori- 
fice should be shut off' jiosiiively. If the mechanism is made simple it 
is not so likely to get out of order as when more ^complicated methods 
of valve operation are provided. 

The floats are made in two forms. They may be a hollow sheet- 
metal construction, or cork. When a hollow metal float is employed 
care is taken to insure tliat it will be absolutely tight and that fuel 
cannot enter its inhuior. Cork floats are usually coated with a sliellac 
varnish to minimize tlie danger of the cork absorbing fuel. The metal 
float is more exjiensive than the cork, and if it leaks it will fill with 
liquid and (cause the carburetor to flood. The cork float may absorb 
sufficient fuel to change its weight enough so that the gasoline level 
will be too high. It is also contended that particles may become dc 
taclied from the cork float and enter tlie passage lending from the 
float compartment to the spray nozzle and clogging it or passing on 
further and constricting tlie bore of tlie jet. 

The simplest form of float mechanism is depicted at Fig. 141, A. 
Here the float is pivoted at one end and carries the needle at the other. 
The needle closes the gasoline orifice when the level of fuel is at the 
right height. As soon as tlie level falls the float drops and the needle 
valve leaves its seat and permits gasoline to enter. When sufBcient 
has been admitted to restore the level to the proper point the float 
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rises anS the gasoline opening is stopped np by the needle. The form 
shown at B is a modification of the simpler construction outlined at 
A. In this the fuel-supply needle is carried at the center of the cir- 
cular float instead of at one end. The disadvantage of these simple 
forms in which the gasoline enters at the top of the float chamber is 



Pig. 141. — Types of Float Chambers in Common Use Defining Various Methods 
of Controlling Fuel-Supply Valve. 


that the weight of the entering fuel which falls on the float’s surface 
prevents the float from rising as quickly as it should, and the fuel 


jsujpply is not cut off until the level is somewhat higher than it 


The form shown at C utilizes a hollow metal float which operates 
the shut-ofl needle through toggle linkage. As the float falls the lev- 


ers reverse the movement and the needle valve is lifted, this admitting 
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fuel through the hole at ihe bottom of the float ^chamber* A ^lanc^ 
float construction is outlined ac D. The ^eedie-viilve stem carrier |t 
weight whicli tends to keep it Sii ated in a positive manner, and with 
this form of weiglited valve one is i»oi apt to have the erratic fuel 
supply that might bo enused by vibration of power plant or road on 
tJie simpler forms depicted at A and B. The float if hot balanced by 
tlie weight unless the level is at the proper height, ana when the fuel 
level falls the weight of the float which is increased in value by the? 
system of leverage raises the needle and weight. As in the previous 
case, shown at C', the function of the leverage is to reverse the direc* 
tion of mo\einent. That is, the needle valve is raised from its seat 
when the float falls and is seated when the float rises. 

Gasoline Spray Nozzle Form Important. — At Fig. 142 various forms 
of spray nozzles and auxiliary air valves are depi(;ted. The simplest 
form is presented at A, this consisting of a standpipe having a single 
small lioJe at tlic top through which the fuel is discharged in a solid 
stream in miudi the same manner as water through a hose. On some 
foreign carburetors the standpijie is ])rovided with a tapered plug, hav- 
ing series of groov(‘vS cut in its surface for tlie passage of fuel, as shown 
at B. The advantage of this construction is that the gasoline is atom- 
ized and is discharged in a number of fine streams instead of the 
coarser single stream. Wlien the gasoline is discharged in a form of 
a mist it produces a much better mixture than wlien ejected in a single 
stream which must he broken up and divided into fine particles before 
it will form a homogeneous mixture. The disadvantage of the grooved 
plug is that tlie tine passages are apt to become clogged from very 
small pariides of foreign matter in the fuel. In fact, pieces of dirt 
wliicli would pass out with the stream of gasoline from the n( zzle 
shown at A will clog the fine passages of the plug shown at B. 

Tlie amount of fuel delivered through the simple standpipe is\ 
regulated by the size of the hole, while tlie quantities of liquid sprayed 
from the nozzle shown at B can be varied to obtain different mixtures 
by changing the number of grooves in the plug seat. Idie spray noz- 
zles illustrated at C and T) are forms in which the gasoline j|u.pply is 
regulated by a needle valve, that at C using an overhead valve, whBk^ 
that at D has the needle valve adjusted from the bottom. The former 
construction is preferred when it is possible to apply it because it 
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has a tendency to divide the stream of fuel into a spray or mist which 
is more easily vaporized. 

The spray nozzles shown at C and D are used more often than 
those depicted at A and B because of the ease with which the gasoline 


Grooved Plug^ 






Fig. 142. — spray Nozzle Forms and Methods of Supplying Auxiliary Air to 
Modem Carburetors. 

proportions may be varied by screwing the needle in or out of its seat, 
thus reducing tlie size of the opening when one desires to diminish 
the amount of fuel or screwing it out and allowing more fuel to pass 
when richer mixtures are desired. « 

Typical Auxiliary Air Valve Forms. — Considerable difference of 
opinion exists in air valve construction as well, and many methods of 
admitting auxiliary air are used. The ordinary mushroom or poppet 
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valves depicted at Fig. 142^ E and P, are more widely applied. The 
former is a flat seat tyi>e kept seated by n compression spring while 
that at P is the ordinary form oi automatic valve jiaving a bevel seat^ 
The disadvantage of a poppet ’'ulve :s that its action is not regular, 
and it is apt to cliatter or vibrate rapidly if the suction is not constant. 

Ball and reed vaHes liave been applied on man} fu rms of carbu- 
retors, and it is claimed for Lheso that they wdl provide an increasing 
supply of air as the engine speed angnients without chattering or 
fluetuation. When a series >f openings are provided instead of one 
large port and each of the smaller holes is regulated by an individual 
reed or hall it is ]>os;’ihlc to so vary the strength of the reeds, or the 
weiglit of the hall, lliat the air supply will be progressive. 

AVhen po])pet valves arc used it is customaiy to make these of 
leather or iiber so that they will not he noisy when tliey seat. The 
method defined at (i is one in whitdi reeds are used, three being pro- 
vided, so gi’aduated in strength tliat one alone opens at medium speed, 
then the other two leave their seats progressively as the engine speed 
augments and the suction effect becomes greater. The various forms 
of spray nozzles and auxiliary valves eoinuionly used will be further 
described in connection with the features of the leading types of 
vaporizers. 

Methods of Gas-Supply Regulation. — The methods of regulating 
the amount of gas su])j)lied the cylinder vary to some extent, though 
the general system is to introduce some form of butterfly or shutter 
valve in the mixture ])i])e between (he mixing chamber and the valve 
chamber. These valves are o])erated by rod connection to hand lever 
placed on top of the steering post or accelerator pedal on foot boards, 
and the amount of gas passing from the carburetor into the cylinder 
depends upon the amount of opening provided by t'ne valve. When it 
is fully opened tlie gas may fill the cylinders easily, though as its 
})osition changes the area of the mixture passage is gradually decreased 
and the amount of gas passing through reduced. 

In some cases the hand throttle is supplemented by an automatic 
governor which is designed to shut off the gas supply should the engine 
speed increase beyond a certain predetermined point. A carburetor 
fitted with both hand-operated throttle and shutter actuated by a 
governor from the engine is shown at Pig. 143. The band throttle 
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is a simple disk valve attached to a stem passing through the mixture 
pipe at a central point. When in the position shown the passage is 
fully opened. The governor throttle is a shutter valve placed in a 
special pocket above the hand-operated disk. It is worked by lever 
and i*od connection by a ecmtrifiigal governor. 

The governor consists, of two weights pivoted in such a manner 
that they lie close to the governor shaft when engine speeds are low. 



Fig. 143. — Showing Method of Regulating Fuel Mixture Supplied the Cylinders 
by Means of Centrifugal Governor, which Automatically Reduces the 
Quantity when Engine Speed Exceeds a Certain Predetermined Limit. 


As the speed of the governor shaft increases the weiglits tend to fly out 
from center due to centrifugal force, and as they are thrown out they 
pull a sliding collar back against a spring. The sliding collar actuates 
a lever which closes the governor-throttle valve by the rod connecting 
it to the governor. The governor is driven from the engine by some 
form of driving gear, or it may be located on the cam shaft. The 
amount the weights fly out is regulated by the spring, and as its ten- 
sion is increased it will take a higher engine speed to throw the 
weights out sufficiently to close the governor throttle. When the spring 
is weakened the governor weights fly out at lower speeds and the g<^v- 
ernor throttle is closed sooner. 

Such a device is useful in preventing racing of the engine under 
certain conditions. For instance, if the car was climbing a hill on one 
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of the lower gear ration which would permit the eugine to run quite 
fast and the clutch pedal Wt^is depressed so that ^he drive would be 
momentarily interrupted, the tendency of ti'.e engine, thus relieved of 
its load, would be to run at an extremely high rate of speed. If the 
ujxirator was fully occupied in steering and shifting gears he could not 
regulate the hand-throltle /alve and the result would be that the 
engine would run dangerously fast. When a governor is fitted, as 
soon as the engine speed tends to become excessive the weights fly out 
and the supply of gas is diminislied automatically. 

A governor is also useful on commercial cars where it is desired 
to keep ,tbe veliicle speed witliin certain limits. x\s speed is directly 
dependent upon the number of eugine revolutions, the governor can 
he set in such a way that the engine will run up to a certain point and 
no faster. Governors are not so widely used at ilie present time as 
tliey were in the ])ast, owing to improvements in carliuretor control 
devicjes. All governors do not operate on the centrifugal principle. 
Some are h yd ran Ik*, others are worked by compressed air. The fly 
ball g()V(*rnor (hiscribed is the most common, and as it shows clearly 
the principle of action and utility of sindi devices there is no need of 
considering the other forms Avhich arc so rarely found. 

Construction of Modern Carburetors. — As the gasoline used in for- 
eign countries is an imported product and is tlierefore more costly 
than it is in the UiiiUHl Stales, the foreign carburetors have been de- 
veloped with a main object in view of securing maximum fuel effi- 
ciency, and minimum fuel (‘onsumijtion is sought rather than greater 
flexibility. In this country conditions have been such that the eco- 
nomical aspect has been somewhat neglc(*ted because at the present 
time the cost of fuel is really one of the smallest items to be consid- 
ered in operating the average touring car. Carburetors of domestic 
development are not so susceptible to derangement as those of foreign 
derivation, but tliey are not so efficient and consume more fuel. The 
varying conditions to be met in the effort made to secure power, gaso- 
line economy, and flexibility have resulted in a wide variety of instru- 
ments. It is apparent that these must operate on definite principles 
common to all, but at the same time considerable difference of opin- 
ion exists among designers and details of construction differ in almost 
all forms. 
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The Schebler Model E carburetor is a concentric float type, and 
is one of the simplest and most satisfactory of tlie many forms that 
have received wide application. The primary air inlet is througli an 
air bend at the bottom of the carburetor, as shown at Fig. 144, and 
an auxiliary air inlet controlled by the usual form of poppet valve is 
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Fig. 144. — Schebler Carburetor Construction Outlined. This Is One of the 
Simplest Forms that Have Been Used Extensively. 


provided at the top of the mixing chamber. The spraying nozzle is 
inserted at an angle and the amount of fuel sprayed into the mixture 
is regulated by a gasoline-adjusting needle. The gasoline shut-off 
valve in the float chamber is operated through a lever fulcrumed at* its 
central point, the float being attached at one end while the float* 
control valve is carried at the other. An upward movement of the 
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float closes the valve, is opened as the float faJls. The gasoline 

needle is depended upon fot* vax3'jng the mixture for low speed, while 
the auxiliary air valve takes care of high-speed mixture adjustments^ 
The Kingston device, which is sluwa in section at Fig. 145 with 
important parts clcarl} clepi^ied, is similar in principle to that pre- 



Fig. 146. — Kingston Automatic Carburetor Admits Auxiliary Air Through Ball- 
Controlled Ports at Side of Mixing Chamber. 


viously described, inasinuch as it has a concentric float and mixing, 
chamber and a lever-control float valve. The main air opening is 
through an air bend at the bottom of the carburetor, and the mixing 
chamber is constricted at the top of the spray nozzle to produce a 
Venturi tube effect. The auxiliary air ports are controlled by a series 
of balls of varying weight which open progressively as the motor suc- 
tion increases. Fuel regulation is by an overhead needle valve, while 
the amount of mixture passing to the cylinders through the gas outlet 
is regulated by a simple throttle disk which operates on the same 
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principle as the damper of a stove pipe. This differs from the throttle 
arrangement of the carburetor shown at Fig. 144, as that member is 
composed of a movable plate which has an up-and-down motion instead 
of the oscillating motion of the damper form. The throttle of the 
former type is known as a butterfly valve/^ while that shown at Fig. 
144 is a simple shutter type. 



Pig. 146. — ^Holley Carburetor with Spring-Controlled Poppet Valve to Regulate 

Auxiliary Air Passage. 


Another simple type of vaporizer which has given very good*re- 
aults in practice is shown in section at Fig. 146. This is a concentric 
float design having the auxiliary air port closed by a flat-seated valve. 
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The gasoline control member is a balanced valve having a counter- 
weight whkth tends to prevent vibration. Tlie mixture proportions are 
regulated by a gasoline-adjusting needle v^alve at the botiom of the 
carburetor and the air valve spring tenciion adju.;tment. The mix- 
ture delivered to the (ylinders of the motor is regulated by a simple 
form of throttle disk. 

A later and improved form of Holley (^arouretor is shown in sec- 
tion at Fig. 147. In tiiis the main air enters through a pipe at the 
side of the carburetor which communicates with an annular chamber 
surrounding tiie mixing tube. The gasoline collects in a small basin 
at the top of the parlition separating the float bowl from the mixing 
tube, Tlie gasoline supply is regulated by the usual form of needle 
valve at the bottom of the float bowl. In this carburetor the only 
moving part is tlie float and the auxiliary air valve or auxiliary air 
openings have been eliminated by a special construction of the spray 
nozzle. 

Keferring to the lettering on the drawing the action of this form 
of carburetor can ]>e easily understood. The fuel from the tank enters 
the float chamber A to tlio gasoline filter screen B, and the level 
is regulated by the inlet valve which is actuated by the usual float 
and lever combination 1). When tlie motor is not running the level 
is halfway up the cup E and subnjorges tlie low^er end of the low-speed 
tube F. AViicn starting the engine the throttle G is nearly closed 
and gasoline and air are drawm through F with very high velocity 
owing to the degree of suction, thus forming a rich mixture and mak- 
ing starting (‘usy. The tube F continues to supply the motor at low 
spee^ls, but as the throttle valve opens the small tube gradually 
emerges into the larger one and all the mixture supplied at mut 
speeds above 300 R. P. M. passes through the main mixing tube H. 

The spray nozzle 1 has a slot J which is supplied by two separate 
channels, the series of holes M and the plug'L, the latter having a 
limited hole. At low engine speeds both ojierate, M predominating^ 
but as the speed increases the fuel level automatically drops, because 
the needle C must lift higher with the increase in amount furnished. 
The leverage is about three to one, so that the float drop is three times 
the movement of the needle, and the holes M are uncovered to the 
atmosphere above the fuel surface, which passes through the slot J 
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maintains the uniformity of the mixture. The gasoline feed at 
low speeds is adjusted by the size of the plug opening 0, extreme 
high speeds by the area of the orifice in plug L, and the intermediate 



Fig. 147. — ^Latest Model of Holley Carburetor with By-pass Tube to Provide 

Easier Starting. « 

ratios through the automatic action provided by the series of holes M, 
the slot J and the nozzle I, and the adjusting needle. The advantages 
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claimed by the designer are : permanent adjustment, positive starting;, 
clue to high vannini and air velocity {lire tlv applied to the source of 
fuel supply; positive action at lew and idling speed due to rich mix- 
ture; great(*r c^OiKiny and rapid a/c^deralioxi, owir'g to more homo- 
geneous and l)(‘tter-proportioned A'apori/ation. A ricJi^r mixturf^ is 
automatically ohtaiiKii for hill climbing and hard piiJlhg because the 
fuel l(n’el rises with slower jnotor speed and feeds the spray nozzle 
through two (channels instead of one. 

A typical foreign t}]>e of simple carhuretor is shown al Fig. 148, 
tliis being the \a])orizing device used on Mercedes cars. This is a float- 



Fig. 148. — Mercedes Carbtiretor, which Has Retained Substantially the Same 
Form as when First Designed Nearly a Decade Ago. 


feed type having a float chamber carried at one side of the mixing 
chamber. The spray nozzle is a simple type which extends in a tube 
having one end open to the main supply pipe and the other to the 
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annular chamber through which the air is inspired. The mixture 
supply is regulated by a sliding tlirottle valve K, which also provides 
the auxiliary air in increasing proportions as the amount supplied the 
cylinders is increased. The only way the gasoline proportions may be 
altered is by varying the spray nozzle or changing the level of the float. 



Fig. 149. — Sectional View of Chapin Carburetor, which Has Mechanical Control 
of Auxiliary Air Opening and Spray Nozzle Needle. 


The carburetor shown in section at Pig. 149 is a type which has no 
auxiliary air valve, the auxiliary air opening being controlled by a 
valve which is directly actuated by a mechanical connection between 




The Modern Gasoline Automobile '305 

the throttle disk so that as the thi'ottle is 0T)ened id ore air is allowed 
to how through the auxiliary opening. Tiie main air enters through 
the air bend at the bottom and parses ar'^und the spray nozzle, which 
is ])laced at the point of least area of the air tube. The amount of 
gasoline supplied the mixture is regulated by the fuel rieedle F, and 
this is raised by leverage from the throttle so that more fuel is spraye'^ 
into the mixture at higher motor speed. In other respects the carbu- 
retor is a conventional construction. 

The Excelsior carburetor, which is shown in section at Fig. 150, 
has several distinctive features, one of these being the floating ball 



Fig. 160.— Sectional View of Excelsior Carburetor. A— Side Section Depicting 
Floating Ball Controlling Mixture Passage. B— Showing Peculiar Air Valve 
Spring and Geared Control of Air Valve Stem. 

in the air tube and others exist in the peculiar form of auxiliary air- 
valve mechanism. It is claimed that the ball which rests against the 
pin I), shown in sectional view A, constricts the bore of the air tube 
at low speed so that the velocity of the air passing the spray nozzle is 
sufficiently high to insure taking up the proper amount of gasoline, 
but no more than that required to insure positive action of the engine. 
At highest engine speed the floating ball is drawn up against the stop 
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pin D, and the air passage is practically free from any interruption. 
Under this condition the Venturi tube is permitted to exercise its 
function and a correspondingly large amount of gasoline is drawn 
from the spray nozzle. It is claimed that the floating ball controls the 
mixture automatically in that it permits the motor to get just the 
amount of gasoline it needs and thus conduces to economy. 

The auxiliary air valve is controlled by a clock spring the tension 
of which is multiplied by a series of gears. The tension is extremely 
light when the valve is closed and increases as the valve opens. It is 
claimed that this form of spring cannot vary and that it will main- 
tain its tension indefinitely. The air*Yalve sieni is provided with a 
spiral rack at one end wliich meshes with a small pinion controlled by 
the air valve spring. Any movement of the light air valve is multi- 
plied many times by the gearing so that the spring tension may be 
comparatively light. 

The carburetor is a concentric float type and with the exception 
of the floating ball in the air tube and the peculiar form of air-valve 
mechanism it does not differ from conventional practice. Referring to 
sectional view A at Fig. 1 50 the princ'iple of action can be easily un- 
derstood. The fuel enters the float chamber F through connection U 
and a constant level is maintained by the float valve, which is directly 
actuated by the hollow metal float A¥. The prijnary air enters at P 
and is drawn by motor suction past the spray nozzle ]\I located in the 
restricted portion of the Venturi tube. The amount of gasoline ad- 
mitted to the mixture is adjusted by the fiiel-regulaiing lujcdle (t. 
while the amount of movement of the auxiliary air valve X may be 
controlled by the air valve spring tension adjustment shown in top 
sectional view at B. The mixture supplied to the cylinders is gov- 
erned by the usual form of disk throttle valve T. To insure easy 
starting the stop K may be turned so that the air valve is held closed,, 
this making for strong suction through the restricted portion of the 
Venturi tube and insuring easy starting by providing a rich mixture. 

The carburetor shown at Fig. 151 is that used on Pierce cars, and 
is illustrated because it presents a number of novel features. While 
the construction in the main follows conventional practice inasmuch 
as the spray nozzle is concentric with the float, it employs a novel 
method of auxiliary air valve control and a form of throttle which is 
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101.— Views of the Effici»^nt Vaporizer Used on Pierce-Arrow Cars, Showing Method of Peel Regnktiont Ais^il^ 
Air Control by Reeds, and Murture Supply Regulation by Cylindrical Throttle Valve. 
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not generally used. The auxiliary air ports are regulated by reeds 
which are backed by supplementary springs to prevent excessive mo- 
tion. The reeds open progressively as the suction increases. The 
throttle chamber contains a barrel-shaped throttle member \vhi(^h has 



Fig. 162. — Grouvelle and Arquemberg (French) Carburetor with Venturi Tube 
Mixing Chamber and Air Port Control by Floating Balls. 

openings cut in it registering with the gas outlet and the orifice com- 
municating with the mixing chamber. The gasoline supply is regu- 
lated by a needle valve which may be adjusted to regulate the size 
of the opening in the nozzle. The mixing chamber is water-jacketed, 
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and as the stream of hot water from the engine is kept circulating 
through the water space the heat tends to promote more positive 
vaporization of fue) and insure thoroagn mixture of gasoline and 
air. 

The GrouveUe and Ar(|ue.uberg carburetor depicted at Fig. 153 is 
a foreign type that has )>cen applied with some degree of success in 
tliis country. The float chamber is carried to one side of the mixing 
chamber and the usual. Venturi tube construction is followed. N^o 
gasoline regulation is possible without changing the spraying nozzle, 
and as the auxiliary air supply is regulated by a series of ball valves 
this adjustment cannot be varied. The mixing chamber is water- 
jacketed and the amount of fuel admitted to the cylinders is regulated 
by a simple disk valve. It is advanced by the makers of this apparatus 
that once fitted to an engine it will need no further attention and ia 
entirely automatic in its action. The combination of the Venturi tube 
and the floating ball auxiliary air control are said to provide mixtures 
of suitable projiortions f(jr all engine speeds without using adjustable 
members which are liable to get out of order and cause trouble. 

Another simple form of carburetor in which the Venturi tube, 
effect is depended u})on is shown at Fig. 153. In this device the car- 
buretor and induction pipe are a unit. The float chamber is carried 
to one side of the mixing chamber and the auxiliary air valve and 
throttle are lo(^ated at the top of the air tube. The float chamber and 
spray nozzle construction are conventional, but the combined throttle 
and air valve construction is unique. The air valve is a light sheet 
metal member located at the extreme top of the mixing chamber and 
held to its seat by a cone-shaped helical spring. The air valve is guided 
by the throttle stem. The throttle consists of a cylindrical memlor 
connected to a hub by four ribs, and when it is desired to shut off the 
gas the lower portion of the throttle seats against the top of the air 
tube, thus effectively shutting off the branches which lead to the cylin- 
der from the central member. 

Owing to the small bore of the mixing chamber a rich gas is in- 
spired at low motor speeds, and when the suction effect increases the 
auxiliary air supply enters through the throttle and meets the incom- 
ing column of rich gas to dilute it sufficiently to obtain a properly 
proportioned mixture. The course of the gas is direct, rising verti- 
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cally from the top of the spray nozzle to the throttle where it branches 
to the two inlet pipes forming the letter Y. 



Fig. 163.->Peerless Carburetor, which is Combined with Induction Manifold, 
Has Spray Nozzle and Float Chamber at Bottom and Air Valve at Top. 

The air tube is water- jacketed- its full length to insure vaporization 
of comparatively low grade fuel. • The main air entrance is through a 
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funnel-shaped opening provided with .a line me^dl screen, past a hinged 
shutter and then around the spray nozzle. The function of the shut- 
ter is to promote easy starting, as it may he dropped so the air pipe 
is almost shut off when it is desired to promote high gas velocity past 
the top of tlie spray nozzle. The mixture proportions are altered by 
changing the tension of the air valve* spring wliich directly affects the 
degree of opening and tlie amount of auxiliary air inspired. 

A simple form of autornaiic carburetor is shown at Fig. 154. 
This utilizes a concentric mixing chamber of the Venturi tube type. 
The auxiliary air port is t'ontrv/lled l)y a flat seat valve and the gaso- 
line spray is regulated by an overhead needle adjusting tube. The air 
entrance tlirougli an air bend at the bottom of the carburetor flows 
past the spray nozzle and out througli the gas outlet which is con- 
trolled by a l)utterfly tlirottle valve. A feature of this instrument is 
tlie detachable strangling tube which may be removed in case the 
proper adjustments cannot be obtained by the air valve and gasoline 
needle and replaced by one of larger or smaller bore as conditions 
demand. 

Multiple Nozzle Vaporizers. — To secure properly proportioned mix- 
tures some car])uretor designers have evolved forms in which two or 
more nozzles are used in a common mixing cliamber. The usual con- 
struction is to use two, one having a small opening and placed in a 
small air tube and used only for low speeds, tlie other being placed in 
a larger air tube and having a slightly augmented bore so that it is 
employed on intermediate speeds. At high speeds both jets would be 
used in series. Some multiple jet carburetors could be considered as a 
series of these instruments eaeli one being designed for certain con- 
ditions of engine action. They would vary from small size just suf- 
ficient to run the engine at low speed to others having sufficient capac- 
ity to furnish gas for the highest possible engine speed when used in 
conjunction with the smaller members which have been brought into 
service progressively as the engine speed has been augmented. The 
multiple nozzle carburetor differs from that in which a single spray 
tube is used only in the construction of the mixing chamber, as a 
common float bowl can be used to supply all spray pipes. It is com- 
mon practice to bring the jets into action progressively by some form 
of mechanical connection with the thj’ottle or by automatic valves. 
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Fig. 164.— Showing Details of Breeze Carburetor, a Simple Automatic Instrument. Note Fuel-Adjustment Needle 

Valve Over Spray Nozzle. 
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A simple form of multiple jot oarburetor h shewn at Pig. 165 , 
this being an adaptation of the Stromberg carburetor. It does not 
differ materially from the single jet constmctioii except that there is 



Fig. 155. — Details of Stromberg Double-Jet Carburetor, which Provides Extra 
Fuel Through Auxiliary Spray Jet when Motor Demands It. 


an auxiliary nozzle wliich is dosed by a spring-controlled auxiliary 
gasoline needle, '^riiis is operated by «. needle valve lift lever which 
in turn is affected only when the auxiliary air valve is drawn down, 
a certain distance by the motor suction. At low and intermediate 
speeds the mixture is supplied through the primary jet in the main 
mixing chamber. When the engine speed augments to such an extent 
that the auxiliary air valve is opened to a certain point the adjusting 
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nut on the end of the valve stem bears against the long arm of the 
lever and lifts the auxiliary gasoline needle from its seat. More gaso- 
line is then sprayed into the mixture which has hocome too thin 
because of an oversupply of air through the auxiliary valve and proper 
mixture proportions are maintained. 



Fig. 166. — Carburetor Incorporated in F. 1. A. T. Cylinder Casting Is a Multiple- 
Jet Type Having Two Spray Tubes. 


The form shown at Fig. 156 is a novel one in several respects. It 
is the type where a common float bowl supplies botli spray nozzles. 
The small nozzle A is used at low speeds and is broiight into commu- 
nication with the throttle chamber C by a small port in the throttle 
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shell. When the tlirottle is opened still further to sc'^ure higher speed 
of the motor the mixing nozzle B, which is a larger one, is brought into 
play and assists the nozzle A, wliich would be inadequate if used alone. 
The auxiliary air enters through ^he openings E which are also con- 
trolled by ports in the thrott!e shell. One of the most distinctive 
features of this carburetor is the manner in v^hich it is incorporated 
with the cylinder unit casting, it being installed at a point between 
the pairs of the cylinders. The induction manifold is formed integral 
witli the cylinder casting and no outside manifold is used or needed. 
Tlie tlirottle assembly is formed as a unit and inserted into a suitably 
machined opening while the float chamber and spray nozzle assembly 
is inserted at the lower portion as another unit. 

A simple form of two-jet carburetor having an automatic control 
of the mixing chamber is shown in section at Fig. 157. In this a 
clack valve is used to close off the secondary mixing chamber at low 
speeds. All the air is drawn through a common opening and deliv- 
ered to an annular air chamber which surrounds the mixing chamber. 
This permits one air inlet to serve both primary ::nd secondary mixing 
chambers. At low throttle openings only the primary nozzle is util- 
ized and the amount of gasoline supplied can be adjusted to a degree 
which will insure a mixture of such proportions as will produce steady 
running with minimum gasoline consinnption. 

Wlien the throttle is opened to increase engine speed the degree 
of suction is increased and at a time that the primary nozzle is not 
a(le(|uate to supply a full charge of gas the clack valve opens auto- 
matically and the secondary nozzle is brought into play. The valve 
is joined to a piston wdiich works in a clashpot by means of a crank 
and connecting rod in order that its movement will be gradual. The 
coil spring back of the dashpot piston tends to keep the valve closed 
until the higher degree of vacuum or suction causes the valve to open 
against the spring resistance. If the throttle were suddenly closed 
the tendency of the valve might be to close very rapidly and to pre- 
vent too rapid movement of this member the piston is moved against 
an air cushion at the bottom of the dashpot cylinder. As this member 
must oscillate to a certain extent when the shutter works back and 
forth it is journaled at its lower end to permit a certain degree of 
movement. As will be evident both spray nozzles furnish mixture at 
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higli engine speeda. The view shown at A depicts clearly the con- 
struction of the clack valve and iiow ks inouon is controlled by the 
•crank, connecting rod and piston hi the dashpot cylinder. The view 
at B depicts clearly the arrangement oj* tiie float and mixing cham- 
bers, and the inetliod of ‘'nipjdyhig both primary and secondary nozzles 
wdth air through one main air inlet and with gasoline fronj a common 
source. 

In tlie Zenith carlairetor, w^hich is shown at Fig. 158, a compound 
nozzle is used, this bc'ing composed of two jets designated as G and H. 
The center nozzle G is the main member and concentric with it is a 
tube wliich forms the eomj)ensating jet H. The inner nozzle com- 
municates with the float chamber through passages E and C, while 
the annular space between the main jet and the cap of the compen- 
sating member is supplied with gasoline by the passage F. At one 
side of the mixing chamber, and between that member and the float 
compartment, is a cylinder in which the secondary well P and the 
priming tube K are suspended. The upper end of the priming tube 
is in communication wdth the passage U in the mixing chamber walls. 
The passage U is controlled by the throttle T. When the throttle is 
closed the suction through the priming tube K is so great that it 
drains the gasoline from the secondary well and furnishes a very rich 
mixture througli the opening U in the wall of the air tube D. The 
gasoline enters tlie secondary well P through the small hole Q at the 
bottom. With this vaporizer the quantity of air increases almost 
directly as the engine speed but the gasoline supply does not. 

Since the air supply increases with a constant ratio the amount of 
gasoline must be regulated to such proportions that a correct mixture 
will be obtained at all speeds. This is the function performed by the 
double nozzle because at low speed the outer or compensating nozzle 
has a large quantity of fuel, but this decreases as the engine speed 
augments until at high speed the compensating nozzle does not add 
much fuel to the mixture. In this form the multiple nozzle construc- 
tion is employed to do away with the automatic air valve, all air 
being drawn through the primary air opening at the bottom of the 
mixing tube D. A strangling tube A is dropped into the air tube in 
order to constrict its area at the spray nozzle and secure a Venturi 
tube effect. 
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The object of any multiple nozzle carburetor is to secure greater 
flexibiliiy and ei^eavor to supply mixtures of proper proportions at 
all speeds of the Engine. It should be stated, however, that while 
devices of this nature lend themselves readily to practical application 



Fig. 158. — ^The Zenith Carburetori which Embodies Novel Application of Double- 
Jet Principle, One Spray Nozzle Being Concentric with the Other. 


it is more difficult to adjust them than the simpler forms, having but 
one nozzle. When a number of jets are used the liability of clogging 
up the carburetor is increased, and if one or more of the nozzles is 
choked by a particle of dirt or water the resulting mixture trouble is 
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(JiflBcult to detect. One of the nozzles may supply enough gasoline to 
permit the engine to run well at <'ertain speeds and yet not he ade- 
quate to 8Ui)ply the pro)»er amount of gas und(*r other eoTulitions. 

In adjusting a ^nultipli^ jet ea'-buritor in which the jets are pro- 
vided wi<h gasoiim regulating needles, it is ('ustomary to con^-ider 
each nozzle as a di^lin t <*arl)urelor and to regalate it to sec die the 
best motor action at that tIu’Oitle pc^sition whico corresponds to the 
conditions under wbicli the jet is brouglii into service. For instance, 
that 8up])licd tlie jiriiiiary mixing chainbei should be rcgulatod with 
the throttle jinrtly closed, wluK the auxiliary jet should be adjusted 
with tlie tliroltl(‘ full} ojiened. 

Utility of Gasoline Strainers. — Manv carburetors include a filter- 
ing scream at the jioint where the licjuid cuiters Ihe float chamber in 
order to hec']) dirt or any other foreign matter which may be present 
in the fuel from (‘iitering the float ebaiiiber. This is not general prac- 
tice, ]iowe\er, and the majority of va])orizors do not include a filter in 
Ihcdr const ru(‘t ion. It is very desirable that tlie dirt sliould be kept 
out of tlie c'arlnirctor iiec'ause it may get under tlie float control fuel 
valve and cause' tlooding by kc'Cjnng it raisc'd from its seat. If it finds 
its way into the spray nozzle it may hhiek the opening so that no 
gasoline will issue or may so c^mstriet the ])a«5sage that only very small 
(jiiantities of fuel will he su])plie(l the mixture. Where tlie carburetor 
itself is not jirovided vn ith a filtering screem a simple filter is usually 
installed in the pijie line lietween tlie gasoline tank and the float 
chapiher. 

KSome siin})le forms of filters and separators are shown at Fig. 159. 
1'hat at A consists of a simple brass easting having a readily detach- 
able gauze screem and a settling chamber of sulHeicnt capacity to allovv 
tlie foreign matter to settle to the bottom from wdiieh it is drained out 
by a ])et eoek. Anv water or dirt in the gasoline wdil settle to the 
bottom of the chainlier, and as all fuel delivered to the carburetor 
must pass through tlie wire gauze screen it is not likely to contain 
impurities wdien it reaches the float chamber. The heavier particles, 
such as scale from the tank or dirt and even water, all of which have 
greater weight than the gasoline, will sink to the bottom of the cham- 
ber, whereas light particles, such as lint, will be prevented from flow- 
ing into the carburetor by the filtering screen. 
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The filtering device shown at B is a larger appliance than that 
shown at A, and should be more efficient as a separator because tlie 
gasoline is forced to pass through three filtering screens before it 
reaches the carburetor. The gasoline enters the device shown at C 
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Fig. 159. — Types of Strainers Interposed Between Vaporizer and Gasoline Tanl 
to Prevent Water or Dirt Passing Into Carbureting Device. 


through a bent pipe which leads directly to the settling chamber and 
from thence through a wire gauze screen to the upper compartment 
which leads to the carburetor. The device shown at D is used on 
Chalmers motor cars and is a- combination strainer, drain, and sedi- 
ment cup. The filtering screen is held in place by a spring and both 
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are removed by taking out a plug at the bottom of the device. The 
sliut-ofi valve at the top of the device is niTorposed between the sedi- 
ment cup and the carburetor. I'liis separating devic'e is incorporated 
with the gasoline tank anil forms an inh^gral part the gasoline sup- 
ply system. The other tyj^tc; slioAvn arc (lesigned to be interposed 
between the gasoiiiie tank and trie c'arbiiretor at any point in the pipe 
line where they may be ecjnenieiitly placed. 

How Kerosene May be Utilized. — The earburetion of kerosene 
seems to be partially solved at the present time, and there are several 
forms of carbureting devices wliich jiennit one to utilize this fuel. 
Jt is important tJiat the vajiorizer employed ])e one that can be remiily 
adapted to jireseiit day forms of motors. Jt is a fact that with lovrer 
grade fuels, as kerosene or benzol, a motor of lower compression 
tlian on(,‘ can use sii(*( 'ess fully with gasoline and some means for lieat- 
ing tlie entering mixture arc needed. When kerosene is used as fuel 
the conditions are similar to those wliich olitain witli gasoline except 
the temperature at whicli vaporization commences. Tlie heavier liquid 
requires more heat to cause it to vaporize, it being necessary to pre- 
lieat kerosene to aliout two hundred degrees Fahrenheit before it will 
evaporate and form a mixture with air. It is necessary to provide a 
heated passage to further vaporize the mixture as it leaves the spray 
nozzle and as direc't an entrance to the motor should be provided as 
possible. It is noc'cssary to maintain a high velocity of the kerosene 
va})or in order to prevent condensation. 

The carburetor depicted at Fig. IbO is the Holley form adapted to 
use kerosene. Jt consists of a conventional form concentric jet, float- 
feed vaporizer, to wliich the kerosene is fed at the lower end and a mix- 
ing chamber having an auxiliary air valve is carried at the upper end 
of the device. In connection with this appliance a simple form of 
gasoline vaporizing valve is mounted at the upper end near the gas 
outlet, and is used to supply mixture enough to promote easy starting 
of the motor. The exhaust gases from the motor are passed through 
a jacket which surrounds the mixture tube leading from the kerosene 
vaporizer and which goes through the float bowl to heat the fuel 
therein.' 

The liquid in the fuel container is heated to about two hundred 
degrees before it is sprayed in the motor, and it is contended that if 
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Vfteosme is kept near its boiling point it will teivis the spray nozzle 
Just as readily as gasoline will at ordinary lenjp^stnre. It \rould be 
extremely difficult to start an engine on kerosene unless the vaporiz- 



Fig« 160. — Holley Combined Gasoline and Kerosene Carburetor. May Be Used 
with Either Fuel, Though Specially Adapted for the Less Volal^e Liquid 
Distillates of Petroleum, Because of Preheating Arrangement. 
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ing device was raised in temperature to a point that would permit of 
ready vaporization of fuel. In the device shown at Fig. 16§ if the 
in<»tor is to ]ye started f old tiie mixture supplied 1 y the gasolene vapor- 
izing valve is directed 'oto the cylinder by a three-way valve which 
closes off the kerosene c.()]ef)jirtuieiit and provides a by-pass for the 
gasoline mixture through the gas outlet. After the engine has run 
for a time, usually two or tliree minutes, the kerosene vaporizer has 
been raised in temperature to the proper point and a shift from one 
fuel to another is easily maf’c by throwing the three-way valve over 
so tliat tJie gasoline vaporizer is shut off from the gas outlet and direct 
communication is provided by the large opening in the tlirottle valve 
between tlie motor cylinder and the mixing (hamber of the kerosene 
carburetor. 

When kerosene vayior is used with the usual type of induction 
manifold it is liable to eondense if conditions are unfavorable to rapid 



Fig. 161. — Combined Intake and Exhaust Manifold Suggested as Suitable for 
Use with Kerosene and Air Mixture. The Hot Exhaust Gases Heat the 
Inlet Pipe Walls and Produce More Complete Vaporization. 

volatilization. This loading up ” as it is called is due to the low 
velocity and temperature of tlie mixture which passes through com- 
paratively large passages, and while it can be reduced to a certain 
extent by making the area of the manifold cross section smaller, this 
is not desirable because at high speeds it would not be possible to 
supply an adequate amount of mixture to the cylinders unless the full 
cross section of the intake pipe is used. To minimize condensation 
the combination manifold shown at Fig. 161 has been recommended. 
This consists of forming the intake and exhaust manifold in one 
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casting, the tliought being to heat the inlet manifold by tlie hot inert 
products of combustion to such a point that the kerosene vapor would 
be turned into a gas and all liquid particles vaporized. It is recom- 
mended that a manifold of this type be used in connection with the 
carburetor shown at Fig. 160. 

It is stated that the heated vapor from the kerosene vaporizer with 
its quota of air comprises about one fourth of tlie total volume of the 
charge, the balance of the air being supplied by the auxiliary valve 
at the top of the kerosene vaporizer. When the proper degree of com- 
pression obtains in the motor and the kerosene is properly heated 
before attempt is made to vaporize it the action of the carburetor de- 
scribed is claimed to be very similar to that of a gasoline vaporizer. 
It is claimed that it is possible to convert the usual gasoline motor by 
adding a spacer of proper thickness under the cylinder to reduce the 
compression to the point where kerosene can be used successfully. 
The degree of compression recommended as most suitable for use with 
kerosene vapor furnished by a carbureting device is between fifty and 
sixty pounds per square inch. 

Another important consideration is that the initial heating of the 
motor parts by use qf gasoline gas be complete before one attempts to 
use kerosene. If the heavier liquid is supplied to the engine before 
the carburetor has been raised to the proper degree of temperature, 
poor combustion of kerosene results and carbon deposits, or gummy 
residue is deposited in the interior of the combustion chamber. 

Supplying Kerosene by Direct Injection. — ^The most logical method 
of utilizing fuels which have a low vaporizing point and which must 
be raised in temperature before they will give off vapor is to supply 
to the motor cylinder by direct injection. Several types of stationary 
power plants and some used in marine applications have been designed 
to use the cheaper fuels which cost less than gasoline, such as kerosene, 
benzol, or crude oil. The view at Fig. 162 is a section through a 
Detroit two-port two-cycle engine which has been adapted to use kero- 
sene by direct injection. The engine is of the conventional pattern, 
having an automatic inlet valve at the side of the crank case to admit 
air on the upward stroke of the piston. If this engine was used with 
gasoline the carburetor or mixing valve would be attached to this check 
valve cage and the engine would operate on the two-port principle. 
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In the design under discussion the fuel supply device consists of a 
float feed arrangement attached to a spray nozzle placed in the trans- 
fer port in such a way that it discharges the fuel against the deflector 
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Fig, 162. — Showing Two-Cycle Motor with Device for Direct Injection of Heav- 
ier Petroleum Distillates into Cylinder. 

plate on the piston top. The float keeps the kerosene level in the 
float chamber to a height equal to the point of the spray jet. The 
amount of kerosene supplied can be regulated by the usual needle 
valve which controls the nozzle opening. 
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Assume for the purpose of making the explanation clearer that the 
(?ylinder is full of fresh gas and that the piston is traveling upward. 
It will close the transfer passage and the exhaust port and will com- 
press the charge above it. As the piston continues to move upward 
a vacuum is created in the crank ease O wiiich draws in a current of 
air through the spring-controlled automatic valve P, and fuel into the 
fuel-feeding chamber. At the top of the compression vStroke tlie gas 
is ignited by an electric spark and the resulting explosion causes a 
downward movement of the piston. As this member moves toward 
the end of Its stroke the air in the crank case and the fuel-supply 
chamber is under compression. As the ^exhaust port is uncovered by 
the piston as it continues to go down the inert products of combus- 
tion, which have a pressure of forty to fifty pounds per square inch, 
stream out of the open port until but a very small ])ortion of burned 
gas which is at atmospheric pressure remains at the cylinder. 

As the piston continues to move down it uncovers tlie spraying 
nozzle I. The conijnessed air in the crank case rushes into the cylin- 
der F and strikes the deflector H which directs it to the top of the 
cylinder and drives before it the remainder of tlie burned gases out of 
the open exhaust port. Simultaneously with tliis function the pres- 
sure in the fuel chamber B relieves itself by spraying a stream of fuel 
through the nozzle I. As this stream of li(juid strikes the hot de- 
flector plate it is immediately vaporized, and as it is in the center of 
the incoming air stream it mixes with it to form an inflammable 
mixture. 

A disadvantage of this method of fuel injec^tion is that i{ does not 
provide for the flexibility of engine action which is so essential in 
automobile service. This disadvantage does not militate against it 
to any great extent in stationary or marine appli(‘ation where the 
motor speed does not need to be varied within a wide range and 
where constant speeds are more often used. This method of auto- 
matic fuel injection is not practical when a four-cycle engine is used, 
and if fuel is to be suppled in this manner a small plunger pump 
driven by the engine is usually employed to force it into the combus- 
tion chamber under considerable pressure. 

Intake Manifold Design and Construction. — On four- and six-cylin- 
der engines and in fact on all multiple-cylinder forms, it is important 
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that the piping leading from the carburetor to the cylinders be: made 
in such a way tliat the various cylinders will receive their full quota 
of gas and that each cylinder will re(‘eiv’^ its charge at about the same 
point in the cycle of operations. In order to make the passages direct 
tiie bends should be as few as possible, and when curves are necessary 
they should be of large radius because an a]>mjjt corner will not only 
impede gas flow but will tend to promote condensation of the fuel. 
Every precaution should be iaken with four- and six-evlinder engines 
to insure equitable gas distribution to the valve chambers if regular 
action of the power plant is desired. If the gas pipe has many turns 
and angles it will be cliflieult to charge all cylinders properly. 

The problem of intake piping is simplified to some extent on 
block motors where the intake passage is cored in the cylinder casting 
and where Imt on(* short pipe is needed to join this passage to the 
carburetor. If tlie cylinders are cast in pairs a simple pipe of T 
or Y form can be used with success. Wlien the engine is of a type 
using individual (yliiider castings, especially in the six-cylinder power 
plants, the proper application and installation of suitable piping is a 
difficult problem. 

Intake piping is construeded in two ways, the most common 
method being to cast the manifold of brass or aluminum. The other 
method, wliich is more costly, is to use a built-up construction of cop- 
per or brass tubing Mdih cast metal elbows and Y pieces. One of the 
disadvantages advanced against the cast manifold is that blowholes 
may exist wliicli produce imperfect castings and wliicli will cause mix- 
ture troubles because the entering gas from tlie carburetor, which may 
be of proper pro}>oriions, is diluted by the excess air wdiich leaks in 
through tlie porous (-asting. Another factor of some moment 
that the roughness of the walls have a certain amount of friction 
which tends to reduce the velocity of the gases, and when project- 
ing pieces are present, such as core wire or other points of metal,. • 
these tend to collect the drops of liquid fuel and thus promote con- 
densation. 

The advantage of the built-up construction is that the walls of the 
tubing are very smooth, and as the castings are small it is not difficult 
to clean them out thoroughly before they are incorporated in the 
manifold. The tubing and castings are joined togetlier by hard sol- 
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dering or brazing, and extreme care is needed to insure tight joints 
at all points. 

Some typical manifolds used on four-cylinder engines of various 
types are depicted at Fig. 1(13. That at A is composed of four pipes 
leading from a central member, each one communicating with an 



Fig. 163. — Typical Induction Pipes Used on Four-Cylinder Motors. 


individual cylinder. The pipes are bo nearly the same length that 
gas distribution is fairly uniform. The manifolds shown at B and C 
are substantially the same, except that one is a more pronounced Y 
than the other. Both arc cast forms, that at B being of round section, 
while that at C is a square section casting. The manifold depicted at 
D is another type which has been evolved for use with a four-cylinder 
motor having individual cylinder castings. * 

At E a cast manifold which is combined with a water-jacket cover 
plate used on the Chalmers block motor is illustrated, it being plain 
that the beating effect of the jacket-water tends to raise the tempera- 
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ture of the entire inaniiold and promote more rapid vaporization if 
low-grade fuels are used. The manifold yt P is a type applied to a 
four-cylinder motor having cylinders cast in pairs, and this cast form 
has been made with gra(^ei‘ul curves rather than straight lines. The 
induction pipe d(‘picted at C is also utilized to supply a four-cylinder 
motor having twin cylinder castings and made In the form of a 
letter T. At H a ramsliorn type is outlined, tiie curves being reversed 
to the usual ('Oiistruclion. The form at I is still another variation of 
the siiii])le two-branch or T form of induction pipe. 



Fig. 164. — Conventional Inlet Manifolds Adapted for Six-Cylinder Motors. 


When six-cylinder motors arc used the problem is one that is not 
so easily solved, and designers show considerable ingenuity in devising 
manifolds to secure even charge distribution. A number of convent- 
tional forms that have received successful application are depicted' at 
Fig. 164. All types shown except that outlined at J) are used with six- 
cylinder engines having three pairs of cylinders, while that at D is 
employed when the motor is composed of two three-cylinder block 
eastings. All the manifolds illustrated are built-up forms composed 

Additional matter relating to Induction Coil Action will be found on pages 774, 775,, 774. 
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of tubing and cast fittings with the exception of that outlined at C, 
which is a cast aluminum member. 

Another group of six-cylinder manifolds is given at Fig. 165. The 
forms at A, B, C, and E are designed for use with six-cylinder motors 




Fig. 166. — Some Unconventional Forms of Gas Supply Pipes Used On Six-Cylin- 
der Power Plants. 

having individual cylinder eastings. The form at A, while of peculiar 
shape, provides gas passages of about the same length leading to all 
cylinders. This is not true of those shown at B, C, and K, which are 
faulty in design, inasmuch as the gas will reach cylinders three and 
four much quicker than it will get to two and five, and to these two 
cylinders quicker than it will reacli those on the extreme ends of the 
manifold, or one and six. It is claimed that the loop shown at B has 
given very satisfactory results, and that the peculiar construction 
compensates to a certain degree for the varying lengths of piping 
leading from the carburetor to the various valve chambers. '^*116 
manifold at D is a built-up form utilized when cylinders are cast in 
pairs, and is much superior to that outlined at F, which is a cast 
aluminum member designed for the same type of motor. 
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Compensating' for Varying Atmospheric Corditions. — The low* 

grade gasoline used at the present time "^nakes it necessary to use 
vaporizers tliat are more susceptible to atmospheric variations than 
when higlier grade and more volatile liqaids are vaporized. Suddeh . 
temperature changes, suiueijines being as much as forty degrees rise 
or fall in twelve hou»*s, airect the mixture proportions to some extent, 
and not only changes in lem}>erature but variations in altitude also 
have a hearing on mixture proportions by affecting both gasoline 
and air. As the temperature falls the specific gravity of the gasoline 
increases and it ])ecomes Jieavicr, this producing difficulty in vaporiz- 
ing. I^he iendency of very cold air is to condense gasoline instead 
of vaporizing it and therefore it is necessary to supply heated air to 
some carburetors to obtain y^roper mixtures during cold weather. In 
order that the gas mixtures will ignite y)roy)erly the fuel must be 
vaporized and thoroughly mixed with the entering air either by heat 
or higli velocity of the gases. 

As it would he soTuewliat inconvenient to constantly regulate the 
average carburetor from day to day by the regular adjustments incor- 
y)orat('d in the device, forms of dash-controlled regulators have been 
devised. One of tliese is sliown at F\^. 166 as applied to the Holley 
carburetor. It consists of a special form of valve intery)()sed between 
the liot air connection around the exliaust manifold and the primary 
air entrance at tlie side of tlie carburetor. It is worked by a simple 
key and leverage connection. An indicator plate on the dash shows 
the differeiil })()sitions of the regulator. AVhen tlie shutter is in the’ 
yiosition n at A only cold air is supplied the carburetor, this be- 
ing the pro])or position for summer running. When in the position 
shown at Ji tlie cold air slot is dosed and only warm air which is tak» ii 
from tlie jacket surrounding the exhaust pipe is supplied the car- 
buretor. "riiis would be the proper position for cold or damp 
weatlicr. If the shutter is yilacod as sliown at C the air supplied the 
carburetor will be composed of both warm and cold currents in any 
desired yiroportion. When it is desired to exert a strong suction on 
ilie gasoline in the carburetor, as is often necessary in starting, the 
shutter may be turned as depicted at D in which case both air open- 
ings are shut off with the exception of but a very small slot. The 
equipment illustrated has been designed especially for use with the 
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Holley carburetor and is'eupplied by the uianufacturCTS of that device. ‘ 
Air^'^hutter regulation has been used on many <jar8, however, and has 
proved to be a very satisfactory way of compensating for extremes of 
temperature or altitude iind variations in fuel quality. 1 

Disposition of Exhaust Oases. — While the problem of getting the 
fresh gases into the cylinders is an important one the means of dis- 
posing of them after they have been burned is also imporiant. . The 
form of the exiiaust manifold, which is usually a large malleable iron 
casting, is not so important as that of the induction pipe and the 
chief precaution to be observed is to make the passages in this mem- 
ber as large as possilile and to proportion it in such a way that 
all parts of the (*asiing will expand with tlie same ratio. An impor- 
tant condition to be observed, however, is the method of discharging 
tlie gases to ihe air and for this purpose various forms of mufflers, 
or silencers, are used so that the gases will be discharged in an un- 
objectionable manner. 

Jt has been demonstrated that tlie average motor vehicle engine 
cannot utilize the full expansive force of the burned charge because 
the exhaust valve is o})oned a certain number of degrees before the 
bottom center or before tlie piston reaches the end of its power stroke. 
This is done to give a lead or start to the gases and olitain higher 
engine speeds tlian would otherwise be possible. As a result of the 
early opening of tlie exhaust valve the gases will issue through the 
valve port at suffudeiit pressure to produce a report like a gun shot 
Avhicli would he apt to disturb persons and animals of nervous tem- 
perament and at the same time not be exactly music to the normal ear. 

It is not difficult to muffle tlie gases so there will be but little nrise 
to the exhaust, but it is quite a problem to do it without producing 
back pressure in the muffling device that will cause serious loss of 
power. A muffler should offer minimum resistance * to the passage 
of the gas and means should he provided for not only breaking the 
entering gas stream into smaller streams, but the capacity of the 
muffler should be sufficiently large so that the gases will expand to 
nearly atmospheric pressure before they arc discharged into the- air. 

A^arious forms of mufflers are shown in section at Fig. 167. The 
simplest, outlined at A, consists of a sheet metal shell having its ends 
closed by cast metal pieces. This has several times the voliipe of 




Fig. 167. — ^Muffler Forms Adapted to Reduce Pressure of Exhaust Gases Before 

Bischargiug Them. 
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the cylinder and the gases, expand to about atmospheric pressure be-" 
fore they are discharged through the series of small holes at the 
bottom. The gas enters and leaves tlie riiuiHer in streams indicated 
by the arrows. The obj^^ction to tiie use of small holes for breaking 
up tlie gas stream is that tuese are liable to clog with carboimceons 
matter from the interior of the engine, sujh as would result when 
excessive amounts of oil were used or from mud or clay from the 
road surface. 

The form shown at B eon..dsts of a number of concentric chambers 
wliich afford an ex(‘cl lent opportunity for the gas to expand to 
atmospheric pressure and to break it up thoroughly before i-t is dis- 
cliarged to the air. The exliaust gas enters the central pipe, passes 
out througli a series of fairly large holes at its extremity into the 
middle comjiartnieiit wliere it expands and passes out through another 
series of holes into the outer chamber. Here it again expands and 
finally leaves the mu filer througli a series of openings punched in. 
the outer sliell. The course of the gas may be easily followed by 
referring to the illustration, as it is indicated by arrows. A form 
employing a scries of perforated baffle plates which divide the muffler 
body into eight corapartjuents is shown at C. The function of the 
batllos is to break up the gas by making the gas streams follow a 
devious path through the first six chambers and expand into the 
seventh coinjiartment, from Avliich it passes to the eighth compartment 
through a series of fine holes in the last baffle plate of the series. 

The form at H consists of a central pipe member around which are 
pla(?ed thirtetui pairs of stamped disks which form the same number 
of e'xpansion chambers. The gas issues from the center pipe, whore 
oj)portunity is given it to expand into the chambers provided by tae 
disks whic'h are merely placed in contact with each other at their 
edges and hold together by moderate pressure. The force of the 
gas causes the disks to spring slightly at their edges and thus produce 
an annular discharge passage in each set of disks wliich insures thor- 
ough breaking up of the issuing gas stream. It is claimed that this 
method of construction provides a large amount of cooling surface and 
that the pressure of the gas is reduced just as much by the cooling 
effect as it is by the increase in volume permitted by the expansion 
chambers. 
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The form shown at E is built on the ejector principle and is 
claimed to be particularly efficient, not only as relates to silencing 
qualities but also because back pressure is practically eliminated. The 
efficiency is due to its design, wliich allows that part of the gases 
which pass through tlie central pipe to do so with considerable force. 
This tends to produce a partial vacuum, which in turn promotes a 
ready expulsion of gas by drawing the main portion through the 
muffler, rather than depend upon the upward stroke of the ])iston to 
clear both cylinder and niufller. This device is ot the baffle plate 
type and the partitions are in tlie form of cones instead of the usual 
vertical or horizontal dividing walls l)e(;ause thf* (ionical form lends 
itself to the ejccior principle bctier than the other tyj)es. 



Fig. 168. — ^Water-Cooled Muffler Used when Exceptional Silence is Desired. 

Often Applied in Marine Service. , 


A very good muffler for marine purposes is shown at Fig. 1(18. 
This consists of a double-expansion chamber and a water jacket. If 
the exhaust gases are cooled they will be considerably reduced in 
volume and pressure and for this reason water cooled forms are very 
quiet. As the gases are considerably reduced in pressure by the cool- 
ing effect one may use large holes for the passage of gas from one 
chamber to the other and the back pressure is correspondingly reduced. 
While a water cooled form of muffler can be readily adapted to marine 
service, it is not possible to use such on a motor car because of 
the large volumes of water which would have to be supplied to insure 
adequate cooling of the muffling device. 
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It is sometimes poswsible to secure a more prompt discharge of the 
exliaust gases from the eyliiider if a little attention is paid to the de- 
sign of tlie exhaust manifold. The form snown at Fig. 1G9 is a com- 



Fig. 169. — Suggested Exhaust Manifold in which Ejector Action of Exhaust 
Gases under High Velocity is Said to Reduce Back Pressure on Pistons. 


posite meniher consisting of four sejiarale eastings, the object of the 
arrangenient ])eing to seeiii;o an ejectoj* effect by which the disctiarge 
from any one cylinder would tend to keep a condition of partial 
^acuum in tlie nianifold and thus draw out tiie gases. The discharge 
from cylinder 1 goes tlirougli pipe A; tliat from cylinder 2, through 
inember B, Aviiile the gases from cylinders 3 and 4 pass out through 
pipes C and J) res])ect ively. If the (exhausts occur in tlie order 1, 2, 
4, e3, it will he seen that the gases flowing tlirough pipe A will pro- 
dnc'e a eertain snedion effect in ]>ipe B, wliich will tend to draw out the 
gases discharged from that cylinder when tlie exhaust valve opens. 
A manifold so eonstnieted is lait little more complicated than the 
ordinary constructiv^n, as it consists of the four bent tubes A, B, 
and IX which are assond)1ed togedhor in such a manner that a portion 
of one projects into the oilier. The faster the engine works the more 
rapid the ejection of the gases and consequently the ejector action 
has a liiglier value at a time that it is needed the most. Such a mani- 
fold would he more expensive than the conventional pattern, however, 
and there might be sonic difficulty in keeping it tight at the multi- 
plicity of joints. 

Utility of Cut-out Valve Explained. — ^Tn order to take advantage of 
the gain in power wdiicli results when the gases are discharged directly 
into the air instead of being passed through the muffling device, many 
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automobile makers provide a simple valve, which is called a cut- 
out/’ between the exhaust manifold and the muffler. This is arranged 
in such a manner that when opened, the gases are free to issue directly 
to the air instead of passing through the muffling device, and as the 
baek pressure incidental to the silencer is eliminated more power is 
obtained from the motor. A cut-out is also useful because it permits 
one familiar with gasoline motors to detect irregularity in engine 
operation by sound of the exhaust. 

A typical cut-out installation is shown at Fig. 170, this being more 
efficient than tliat commonly used because even with the cut-out valve 



Fig. 170. — ^How Muffler Cut-out Valve is Arranged on Wolseley (English) Cars 
to Reduce Noisy Direct Exhaust. 


opened the gases are silenced to a certain extent by being passed 
through the chamber P before they issue to the air. When tlie cut-out 
valve is closed the gases must follow a circuitous route through the 
muffler and by being broken up and allowed to expand issue to the 
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air without appreciable noise. , Whenever a cut-out -alve is provided 
it is usually planned to open out so that anj explosion of gas in the 
mufiier which might result if the mot^ir missed several explosions 
and then fired the gas in the silencer will tend to open the valve and 
relieve the excessive pressure in the muffling device. If some means 
w^ere not provided to relieve the pressure, it ir.ight burst the muffler 
asunder. The average cut-out valve, therefore, performs three useful 
functions: First, it })erniits the exhaust gases to be discharged direct- 
ly to the air at such times thai; maximum motor power is desired; 
second, it provides audible indication of irregular engine action; 
third, it is a safety or relief valve to prevent excessive pressures, from 
damaging the muffler. 

Action of Kerosene Vaporizer Utilizing Water Spray. — In order 

to insure ])ro])er eomhuslion of kerosene when used in carburetors 
of the conventional form, it is necessary to start the engine on gaso- 
line, until all parts are thoroughly lieated. If proper means are 
taken to heat tlie carburetor and the intake manifold to prevent con- 
densation of kerosene, it may l)e used just as soon as the various 
working ])arts have ]>t*en. ])ro])erly heated. A float feed carburetor 
of conventional design arranged to burn kerosene is shown at Pig. 
170a. It will he noted that the float chamber is surrounded by a 
jacket, throngli wliitdi liot wafer can enter at G and pass out at H, 
this heating all y)arts of the float ehaml)er. The kerosene enters the 
device llirongh tlie connection F and passes into the float chamber 
through the usual form of float-controlled valve. 

In the ordinary automatic carburetor, as the speed increases and 
the tendency is to draw in more fuel, an automatic air valve openr. 
to admit an auxiliary sup])ly of air to dilute the vayjor. The carbu- 
retor illustrated utilizes the auxiliary valve in a diiferent manner. 
The spray nozzle, instead of ])eing the conventional form, is a small 
standpiyje having numerous fine holes on one side and it is called a 
spray turret. At the bottom of the spray member the float 
bowl upper wall is shaped in such a way that a small pool of 
liquid fuel is allowed to collect in the bottom. The main air in- 
take is divided and is alone sufficient only to run the motor idle. 
The air that enters the yndniary intake passes directly over the pool 
of fuel and a rich mixture is obtained for starting on. The auxiliary 
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Fig. 170a. — Sectional View of Typical Kerosene Vaporizer Employing Water 
Spray to Insure Combustion of Kerosene Vapor. 


air enters through the opening B, and before it enters the cylinders 
it must pass the sjjray turret. Tin's lifts the fuel up in the stand- 
pipe, where it is drawn through the small holes in the form of a spray. 
The greater the amount of air that is passing tlirough, the higher 
the fuel rises in the spray turret, until with the throttle wide open 
it is sprayed from all the holes, in the standpi})e. The condition 
with a partially opened throttle is shown in sectional view and it 
will be noticed that the kerosene spray is coming through only the 
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holes at the lower part of the slandpipe. The amount of liquid 
sprayed into the mixture is regulated by i!ie needle valve C. In 
order to burn kerosene suceessfuily water is introduced into the 
mixture througli the auxiliary spray nozzle I. This supplies an 
extra amount of oxygen and insures a more complete combustion 
of the kerosene vajior than would be the ease if just air was used. 

The 1914 Holley Kerosene Carburetor. — At this time a number 
of kerosene carburetors have been evolved and some have received 
practical ap])lication on various makes of cars. The carburetor shown 
at Fig. 1706 is a late design by George M. Holley and is intended 
to 1)0 used in connection witli kerosene after the motor has been 
started by means of the auxiliary gasoline vaporizer which is shown 
at Fig. 170c. S])eaking of kerosene carburetors in general and the 
Holley device in particular, the inventor has offered the following 
facts : 

As a commercial proposition, the four most striking features of 
the kerosene carburelor are: First, the low cost of fuel, which at 
present averages one-half as much as with gasoline. With a car using 
gasoline at the rate of one gallon per twenty miles, with gasoline 
costing 18 cents, the cost for fuel is .90 cent per mile. With a car 
using kerosene at the rate of one gallon for twenty miles, with kero- 
sene costing 9 cents, the cost of fuel is .43 cent per mile. This makes 
the fuel cost r}2% lower with kerosene than with gasoline. Second, 
increased power, ranging in value from 5% to 8%. Third, a saving 
of about one-half in the amount of lubricating oil required, as kero- 
sene is itself a lubricant. Fourth, less spark-plug trouble on account 
of kerosene carbon being drier and finer than that deposited from 
the gasoline combustion. 

^Tts two most serious deficiencies would seem to be the necessary 
use of two fuels, one sufficiently volatile to permit the motor to start 
when cold, and the other, or cheaper, for regular running after the 
engine has become healed. There is also the necessity, if a kerosene 
carburetor is applied to automobile motors already manufactured, of 
reducing the compression to 40 pounds to prevent knocking under 
extreme conditions. It requires but a few minutes^ operation to heat 
an engine sufficiently on gasoline so the kerosene vaporizer may be 
used. The starting device which is shown at Fig. 173c consists 



The Modern Gasoline Automobile 


of & floatless gasoline carburetor with a starvation type atomizing 
nozzle at one end. The device is controlled from the dash and works 
in connection with the kerosene carburetor, wliieh is always in action. 
When starting, about of the mixture supplied is gasoline vapor, 
and as the throttle of the kerosene carburetor is opened, as in driving 
a car, this proportion is decreased according to the throttle opening. 



Fig. 170b. — ^The Holley Kerosene Vaporizer in Section. 
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so that at driving speeds, even ^hen starting from a standstill, 60 % 
of the mixture is kerosene vapor and the balance gasoline gas. This 
starting device accomplishes two tijings, prompt starting and abso- 
lute prevention of smoking in starting. After tlie engine has been 
run for several minutes on the mixture of gasoline and kerosene 
vapor, the gasoline sliut~off valve may be clored and the kerosene 
carburetor only employed to PU]jply tiie mixture. 

^‘Tlie kerosene carburetor is primarily a vaporizer, as the heat of 
the exhaust is utilized to convert atomized kerosene into a true vapor. 
The exliaust gas enters a jacket which is disposed around a spiral 



Fig. 170c. — Gasoline Carbureter Used in Connection with Holley Kerosene 
Vaporizer for Starting Purposes* 


mixture heating tube and is discharged to the air through a pipe 
having a number of fine holes at one end. In order to insure that 
only warm air will be taken into the mixture, the main air intakes 
are in a pipe which surrounds the exhaust pipe serving as an outlet 
from the exhaust gas jacket. The mechanism of the float is prac- 
tically the same as in a gasoline carburetor, as the float-controlled 
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lever regulates the amount of fuel admitted so that a certain level 
is maintained at all times. When the engine is running with the 
throttle valve practically closed a rich mixture is supplied through 
a small auxiliary jet placed at one side of the main spray nozzle. 
As the throttle is opened the mixture from the main spray nozzle 
flows through the corrugated mixture heating tube, which is con- 
structed in that form so as to obtain the greatest possible heated sur- 



Fig, 170d . — A Bi-Fuel Carbureter of English Design, 

face for a given length. An auxiliary air- valve is provided whicli 
surrounds the top of the mixture heating tube, which is closed on 
low throttle, but which opens to admit auxiliary air supply Jto the 
mixture as the suction increases. The amount of kerosene sprayed 
through the main nozzle may be adjusted by a regulating needle valve 
at the bottom of the carburetor. It is believed practical at the pres- 
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ent time to equip any aiitoinobile with this type of kerosene car- 
buretor if the user does not objec-t to JaandUng au accessory in the 
form of a gasoline starter.” 

The objectiona])]e pounding which is ])rescnt at certain times 
wlien kerosene is emj)loy(‘(l is .onside’^'nbly minimized by the use of 
tiie water spray, as in flic device shown at Fig. 170a, or by admit- 
ting a small portion of the exhaust gases into the mixture through 
a by-pass from the exhaust pipes to the mixture pipes. It is claimed 
that either of these methods will eliminate the knocking sounds 
without lowering the compression and, consequently, the thermal 
efficiency of the motor. 

A form of carburetor which is being experimented with abroad 
is shown at Fig. 170^7. This is known as the hi-fuel, because two 
independent float chambers and spray nozzles are provided, one 
being utilized for gasoline; the other for kerosene. In order to 
vaporize the heavy fuel mixture a portion of the hot water from the 
cylinder jacket is by-])assed through a chamber in which the mixture 
heating tubes are jdaced as outlined in tlie sectional view. Two 
throttle valves of the spring-control poppet type are provided and 
arc operated by moans of an auxiliary lever or clack valve which is 
adapted to dej)ress the throttles from their scats in order to permit 
the mixture to flow from the spray nozzle to the mixture heating 
tubes. Auxiliary air is admitted into the mixture by an oscillating 
shutter valve placed at the top of the carburetor just below the inlet 
manifold. 

A Camphor Vaporizer. — Repeated attempts have been made in 
Prance to use camplior or naphthaline in the form of ordinary moth 
balls as a fuel for internal combustion engines. The first trials ox 
this fuel date back over a decade, but it seems that the recent increase 
in the price of gasoline has revived interest in it, and new tests have 
recently been made. A form of vaporizer which has been submitted 
to tests at the laboratory of the Automobile Club of France is shown 
at Fig. 170c. There are two spray nozzles, one for the gasoline 
used for starting and the other for the liquefied camphor. The cam- 
phor is vaporized by heat derived from the exhaust gases which pass 
through a heating jacket or chamber adjacent to the camphor-mixing 
chamW. In all respects the vaporizer resembles an ordinary carbu- 
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retor, as it has both primary and secondary air inlets. The camphor 
is melted by contact with a separate coil heated by the exhaust gases, 
and after Wng thus melted it flows to the spray nozzle through a 
gauze strainer. After being sprayed from the spray nozzle the liquid 
comes in contact with the hot wall of the mixing chamber and is 
thereby gasified. It is claimed that in France camphor costs about 
60 cents per hundred pounds when bought in large quantities. The 
test of the vaporizer was made with a two-cylinder taxicab. The 
vehicle was first run over a macadam road with slight gradients and 
good surface for a distance of 32.5 miles out and the same distance 



Fig. 170 e.— Vaporizer of French Design Adapted for Use with Either Gasoline 

or Camphor Fuel. 


back again. This trip was made at an average speed of 22.5 miles 
per hour, the highest speed attained being 25 miles per hour. * The 
entire distance was covered on camphor, the consumption being at 
the rate of substantially two miles per pound of camphor. At that 
rate the cost per hundred miles would be about 56 cents, as compared 
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with $1.60 for gasoline at present French voices. The second test 
was made to determine the time required to heat up the engine suffi- 
ciently so it would run on the camphor vapor. It was ascertained 
that ISi minutes sufficed; ^o heat up tne engine and that when hot 
the power plant could be restarted directly on camphor after a stop 
not exceeding fifteen minutes. Stops of longer duration made it 
necessary to restart on gasoline. 

The Ford Gasoline Carburetor. — Owing to the popularity of the 
Ford Automobile, wliicli has been sold in very large numbers and 
which are in use in practically all parts of the world, it seems desir- 
able to illustrate the iiitorior construction of one type of vaporizer 
ustnl on these cars. This is a puddle ” type that is exceptionally 



Fig. 170f. — ^Part Sectional View Showing Construction of One Type of Carburetor 

Used in Ford Car8» 


Additional matter pertaining to Magnetism, Magneto Principles and Operation will be 
found on pages 775 to 7S9. 
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simple in construction. The gasoline is admitted to the float bowl 
through the usual form of gasoline supply valve regulated by a cork 
float, which determines the proper level of fuel in the float chamber. 
The mixing chamber is a peculiar form, so designed that all air enter- 
ing through the main air intake must pass over the small pool of 
gasoline at the bottom of the mixing chamber before it can reach 
the engine. The amount of gasoline supplied the mixture may be 
varied by a regulating needle valve, and the amount of gas reaching 
the C3dinders is controlled in the usual manner by a butterfly throttle 
valve. At low engine speeds, as when starting, the air cannot fail to 
pick up gasoline vapor no matter how slow it passes over tlie top of 
the spray nozzle. At higher speeds, when the mixture would be too 
rich, due to the high velocity of the air flow, a numl)er of auxiliary 
air valves of the ball type open progressively as the suction increases 
and admit more air to the mixture to dilute it. The only adjustment 
possible on tliis device is by the needle valve, whicli may be locked in 
position when the proper adjustment has been reached by a suitable 
locking screw. The general details of construction may be clearly 
grasped by reference to illustration at Fig. 170/. 

The Muir Automatic Carburetor. — A late addition to the already 
large carburetor field is the Muir single-jet automatic carburetor 
shown in section at Fig. 170^. The feature of this carburetor is 
the automatic regulation of the proportion of gasoline to air by the 
auxiliary air valve. The fuel is admitted to the float chamber in 
the usual manner and the float needle is controlled by a hpllow metal 
float which regulates tlie level of fuel in the float chamber. The 
connection between the gasoline regulating needle which fits into the 
spray nozzle and the auxiliary air-valve stem is by means of a hard- 
ened steel pin wliicli is permanently attached to the upper barrel 
portion of the needle and which is kept in constant contact with the 
cam on the end of the air- valve stem by a suitable compression spring. 
Any horizontal movement of the air-valve stem to the right, which 
occurs when the air valve opens through the suction of the engine, 
allows the pin to travel further up on account of the inclined Vork- 
ing face of the cam, and as this action permits the needle to rise 
slightly from the spray nozzle, the flow of gasoline is increased to 
correspond to the larger quantity of air admitted. The spray nozzle 
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points diagonally into a restcicted Ventu.r> passage in the center of 
the float chamber. 

Adjustment of the needle valve is made by turning a screw at 
the head which is provided with a spring and ball ratchet lock which 
prevents any slackening after adjustment. Each notch in turning 
represents one-thousandth (.001") of an inen travel of the needle 
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Fig. 170g. — ^The Muir Carburetor with Mechanically Controlled Fuel Valve. 


point. The needle valve is provided with a nap, so that once the 
throttle adjustment has been attained for a certain engine the adjust- 
ment may be made permanent by sealing the cap. The whole claim 
for economical operation rests on the shape of the cam, and it is 
claimed that the proper shape for this member is obtained by actual 
experiment with the engine on a block test. To facilitate starting, 
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Mixture Outlet 



Fig. 170h. — ^The Winton-Stromberg Carburetor Utilizes a Double Spray Nozzle. 

the main air bend or pipe is pcovidcd with a choke valve, which may 
be partially closed to provide for high air velocity at low engine speed. 

Another form of carburetor, in which the amount of gasoline 
drawn from the spray nozzle is increased as the throttle is iDpened, 
is shown at Fig. 1707i. A direct mechanical connection exists 
between the throttle disk and the top of the spray nozzle. This is 
in the form of a bent wire which is adapted to move into the jet as 
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the] throttle disk is opened. In starting, air is drawn through a small 
opening at the side of the mixing chamber and through a by-pass 
passage to a point in the outer spray nozzle whic)) will insure that 
a sufficiency of fuel will be drawn into the engine to produce a rich 
mixture for starting. Wl)en the throttle is fully opened, both inner 
and outer nozzles supply gasoline to the mixture. The cpray nozzle 
construction is patterned largely after the Zenith, previously described. 

The carburetor shown at Fig. 17()i is an English design, known 
as the Scott-jRobinson/^ and is a variable jet type in which the air 
velocity and the flow velocity of the gasoline are automatically main- 
tained at a constant speed. This is accomplished by a dash pot 
arrangement in which a piston carrying a needle valve is mounted. 



Fig. 17(H. — Section of the Scott-Robinson Carburetor: an English Design. 
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As the suction increases, the piston rises and more gasoline is sprayed 
into the mixture at the same time as more air is admitted througli 
the main air inlet around the spray nozzle because of the increase in 
^rea of the air passage by the rising of the piston in the dash pot. 
As the amount of suction depends U 2 ) 0 ii the throttle opening, and ns 
the dash-pot piston will be drawn up higher as the suction becomes 
greater, more air and gasoline in a definite fixed ratio will be admitted 
to the mixing chamber. The normal position of the piston is down 
to a point approximately as shown in the illustration. The tapering 
needle valve has partly constricted the spray nozzle and the sides of 
the piston practically close the main air opening. 

The Diesel System. — A system of fuel supply developed by the 
late Dr. Diesel, a German cliemist and engineer, is attracting con- 
siderable attention at the present time on account of the ability of 
the Diesel engine to burn low-grade fuels, such as crude petroleum. 
In this system the engines are built so that very high compressions 
are used, and onls’' pure air is taken into the cylinder on the induc- 
tion stroke. This is compressed to a pressure of about 500 pounds 
per square inch, and sufficient heat is produced by this compression 
to explode a hydrocarbon mixture. As the air which is compressed 
to this high point cannot burn, the fuel is introduced into the cylinder 
combustion chamber under still higher compression than that of the 
compressed air, and as it is injected in a fine stream, it is immediately 
vaporized because of the heat. Just as soon as the compressed air be- 
comes thoroughly saturated with the liquid fuel, it will explode on ac- 
count of the degree of heat present in the combustion chamber. Such 
motors have been used in marine and stationary applications, but have 
not yet been adapted to automobiles because of lack of flexibility and 
great weight in proportion to power developed. 



CHAPTER VI 


Automobile Power Plant Ignition Systems Outlined— Chemical Current Pro- 
ducers — ^Meclianical (lenerators of Electricity — Essentials of Battery Igni- 
tion Systems — Functions of Timers and Distributors — Operating Prin- 
ciples of Induction Coil — Spark Plug Construction and Action Defined — 
Advantages of Two- Spark Ignition — Typical Battery Ignition Groups — 
Low-tension Ignition Systems — High-tension Magneto Forms — ^Typical 
Double Ignition Systems. 

OxE of the most important auxiliary groups of the gasoline engine 
comprising the automobile })o\ver plant and one absolutely necessary 
to insure engine action is tlie ignition system or tlie method employed 
of kindling the compressed gas in the cylinder to produce an explosion 
and useful power. The ignition system has been fully as well devel- 
oped as otlier parts of the automobile, and at the present time prac- 
tically all ignition systems follow principles which have become stand- 
ard through wide acceptance. 

During the early stages oC development of the automobile various 
methods of exploding the charge of combustible gas in the cylinder 
were employed. On some of the earliest engines a flame burned 
close to the cylinder head and at the proper time for ignition, a slide 
or valve moved to provide an opening v;hicli permitted the flame to 
ignite the gas back of the piston. This system was practical only on 
tlie primitive form of gas engines in which the charge was not qom - 
pressed before ignition. Later, when it was found desirable to com- 
press the gas a certain degree before exploding it, an incandescent 
platinum tube in the combustion chamber, which was kept in a heated 
condition by a flame burning in it, exploded the gas. The naked 
flame was not suitable in this application because when the slide was 
opened to provide communication between the flame and the gas the 
compressed charge escaped from the cylinder with enough pressure 
to blow out the flame at times and thtis cause irregular ignition. 
When the flame was housed in a platinum tube it was protected from 
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the direct action of the gas, and as long as the tube was maintained 
at the proper point of incandescence regular ignition was obtained. 

Some engineers utilized the property of gases firing themselves 
if compressed to a suflBcient degree, while others depended upon tlie 
he^t stored in the cylinder head to fire the highly compressed gas. 
None of these methods were practical in their application to motor car 
engines because they did not permit flexible engine action which is 
so desirable. At the present time, electrical ignition systems in 
which the qomjiressed gas is exploded by the lieating value of the mi- 
nute electric arc or spark in the cylinder arc standard, and the general 
practice seems to be toward the use of mechanical producers of elec- 
tricity rather than chemical batteries. 

Two general forms of electrical ignition systems may be used, 
the most popular being that in wliich a current of electricity under 
high tension is made to leap a gap or air space between the points 
of the sparking plug screw^ed into the cylinder. The other form, 
which has been almost entirely abandoned in automobile practice, l)ut 
which is still used to some extent on marine engines, is called the low- 
tension system because current of low voltage is used and the spark is 
produced by moving electrodes in the combustion chamber. 

The essential elements of any electrical ignition system, either 
high or low tension, are: First, a simple and practical method of 
current production; second, suitable timing apparatus to cause the 
spark to occur at the right point in the cycle of engine action; third, 
suitable wiring and other apparatus to convey the current produced 
by the generator to the sparking member in the cylinder. 

• The various appliances necessary to secure prompt ignition of 
the compressed gases should be described in some detail because of the 
importance of the ignition system. It is patent that the scope of a 
work of this character does not permit one to go fully into the theory 
and principles of operation of all appliances which may be used in 
connection with gasoline motor ignition, but at the same time it is 
important that the elementary principles be considered to some extent 
in order that the reader should have a proper understanding Of the 
very essential ignition apparatus. The first point considered will be 
the common methods of generating the electricity, then the appliances 
to utilize it and produce the required spark in the cylinder. 
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Current Production by Chcuiical Action,*~-The ahiiplest method of 
current generation is by varioua forms of ehomical current producers 
which may be either primary or secondary in character. A simple 
form of cell is shown in section at Fig. 171, A, and as the action of ^l^l 
devices of this character is based on the same principles it will be 



Fig. 171. — Simple Primary Cells Used to Produce Electric Current. A — ^Form 
to Show Principle of Ciurent Production by Chemical Action. B — ^Dry Cell, 
the Type Suitable for Automobile Service. 


well to consider the method of producing electricity by the chemical 
action of a fluid upon a metal. The simple cell shown consists of a 
container wdiicli is filled with an electrolyte which may be cither an 
alkali or acid solution. Immersed in the liquid are two plates of 
metal, one being of copper, the otlier zinc. A wire is attached to 
each plate by means of suitable screw terminals. 

If the ends of the plates wliich are not immersed in the solution 
are joined together a chemical action will take place between the 

electrolyte and the zinc plate; in fact, any form of cell consists of 

dissimilar elements which are capable of conducting electricity im- 
mersed in a liquid which will act on one of them more than the 

other. The chemical action of electrolyte on the zinc liberates gas 
bubbles which are charged with electricity and which deposit them* 
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selves on the copper plate. The copper element serves merely as a 
collecting member and is termed the “ positive plate, while the zinc 
which is acted upon by the solution is termed the negative mem- 
ber. The flow of current is from the zinc to the copper plate through 
thb electrolyte and it is returned from the copper plate to the zinc 
element by the wiring which comprises the external circuit. 

While in the cell shown zinc and copper are used, any other combi- 
nation of metals between which there exists a diflercnce in electrical 
condition when one of them is acted upon by a salt or acid may be 
employed. Any salt or acid solution will act as an electrolyte if it 
will combine chemically with one of J;he elements and if it does not 
at the same time offer too great a resistance to the passage of the 
electric current. The current strength will vary with the nature of 
the elements used, and will have a higher value when the chemical 
action is more pronounced between the negative member and the 
electrolyte. 

As the vibrations which obtain when the automobile is driven over 
highways makes it difficult to use cells in which there is a surplus of 
liquid, a form of cell has been devised in which the liquid electrolyte is 
replaced by a solid substance which cannot splash out of the container 
even if the cell is not carefully sealed. A current producer of this 
nature is depicted in section at Fig. 171, B. This is known as a dry 
cell and consists of a zinc can in the center of which a carbon rod is 
placed. The electrolyte is held close to the zinc or negative member 
by an absorbent lining of blotting paper, and the carbon rod is sur- 
rounded by some depolarizing material. The top of the cell is sealed 
with pitch to prevent loss of depolarizer. 

The depolarizer is needed that the cell may continue to generate 
current. When the circuit of a simple cell is completed the current 
generation is brisker than after the cell has been producing electricity 
for a time. While the cell has been in action the positive element 
becomes covered with bubbles of hydrogen gas, which is a poor Con- 
ductor of electricity and tends to decrease the current output of 
the cell. To prevent these bubbles from interfering with cnrrent 
generation some means must be provided for disposing of the gas. 
In dry cells the hydrogen gas that causes polarization is combined 
with oxygen gas evolved by the depolarizing medium and the combi- 
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nation of these two gases prpduces water which doeT not interfere with 
the action of the cell. Carbon is used in a dry cell instead of copper 
because it is a cheaper material and the electrolyte is a mixture of sal- 
ammoniac and chloride of zinc which Is held in intimate contact 
with the zinc shell which foims the negative element by the blotting- 
paper lining. 


8 Celia In Series-Multiple 




Fig. 172. — Methods of Joining Dry Cells to Form Batteries of Varying Value. 

A single dry cell will not produce sufficient current to ignite ti e 
charge of gas in the engine cylinder, therefore it is common practice 
to combine two or more cells in such a manner that batteries are 
formed whicJi will give more current than a single cell. If it is de- 
sired to increase the voltage the cells are connected in series, as shown 
at Fig. 172. If one dry cell will produce one and one half volts and 
six volts are needed to produce the spark in the engine cylinder, the 
current value of one dry cell is augmented by coupling three others 
to it in a series connection. When cells are connected in series it is 
the unlike elements which are joined together. For example, the 
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zinc of one cell should be joined with the carbon of the adjacent mem- 
ber by a flexible conductor. This will leave the carbon of one end 
cell and the zinc of the other end cell free so that they can be joined 
to the apparatus in the outer circuit. 

\ When it is desired to obtain more amperage or current quantity 
than could be obtained from a single cell they are joined in series- 
multiple connection. With this method of wiring two or more sets 
of four cells which have been joined in series are used. The zinc of 
one set is joined with the zinc element of the other and the two car- 
bons are similarly connected. Any number of sets of cells may be 
connected in series multiple and the amperage of the combination is 
increased proportionately to the number of sets joined together in this 
manner. 

When dry cells are connected in series the voltage of one cell is 
multiplied by the number of cells and the amperage obtained from the 
set is equal to tliat of one cell. When connected in series multiph', 
as shown at Fig. 172> the amperage is equal to two cells and the 
voltage produced is equivalent to that obtained from four cells. 
When twelve cells are joined in series multiple the amperage is equal 
to that of one cell multiplied by three while the voltage or (jurrent 
pressure is equal to fliat produced by one cell multiplied by the num- 
ber of cells which are in series in any one set. By properly combin- 
ing dry cells in this manner batteries of any desired current strength 
may be obtained. 

The terms volt and ampere are merely units by which 
current strength is gauged. The volt is the unit of prosiure or po- 
tential which exists between the terminals of a circuit. The ampere 
measures current quantity or flow and is independent of the pressure. 
One may have a current of high amperage at low^ potential or one 
having great pressure and but little amperage or current strength. 
Voltage is necessary to overcome resistance while the amperage avail- 
able determines the heating value of the current. As the resistance 
to current flow increases the voltage must be augmented proportion- 
ately to overcome it. A current having the strength of one ampere 
with a pressure of one volt is said to have a value of one watt, which 
is the unit by which the capacity of generators and the amount of 
current consumption is gauged. 
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One of the disadvanStages of primary cells, as those which 
utilize zinc as a negative element are called, Is that the chemical action 
produces deterioration and waste of nuterial by oxidization. Dry 
cells are usually proportioned so that the electrolyte and depolarizing 
materials become weaker as the zinc is used and when a dry cell is 
exhausted it is not profitable to’ attempt to recharge il because new 
ones can be obtained at a lower cost than the expense of renewing the 
worn elements would be. 

The number of dry cells necessary will vary with the system of 
ignition employed and the size of the motor. While two or three 
cells will ignite small engines such as used in motorcycles, five or 
six will be needed on automobile engines employing high-tension 
ignition. When the make-and-break system, or low -tension method, 
is used eight or ten cells are necessary. If the engine is a multiple 
cylinder one, it will draw more current than a single cylinder type 
because of tlie greater frequency of sparks. On four-cylinder cars 
dry cells should bo joined in multiple series, which is the most 
economical arrangement. Cells used in multiple connection are more 
enduring than if the same number were used independently in single- 
series connection. A disadvantage of a dry cell battery is that it is 
suited only for intermittent service and it will soon become exhausted 
if used wliere the current demands are severe. For this reason most 
automobiles in which batteries are used for ignition employ storage or 
secondary batteries to furnish the current regularly used and a set 
of dry cells is provided for use only in cases of emergency when the 
storage battery becomes exhausted. 

Principles of Storage Battery Construction. — Some voltaic couples 
are reversible, i. o., tliey may be recharged when they have becoLte 
exliausted by passing a current of electricity through them in a direc- 
tion opposite to tliat in wliicli the current flows on discharge. Such 
batteries are known as ^Saccunmlatois ” or storage batteries.^’ A 
storage battery belies its name as it does not store current and its action 
is somewhat similar to that of the simpler chemical cell previously 
described. In its simplest form a storage cell would consist of two 
elements and an electrolyte, as outlined at Fig. 173, A. The storage 
battery differs from the primary cell in that the elements are com- 
posed of the same metal before charging takes place, usually lead in- 
Additional matter relating to Current Generation and Flow will be found on page TtZm 
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stead oft^eing zinc or carbon. One of the plates is termed the posi- 
tive and may be distinguished from the other because it is brown^ or 
chocolate in color after charging, while the negative plate is usually 
a light gray or leaden color. The active material of a charged storage 
battery is not metallic lead but oxides of that material. 

The simple form shown at A consists of two plates of lead which 
are rolled together separated by insulating hands of rubber at the top 



Fig. 173. — Types of Accumulators or Storage Batteries. A — Simple Form ot 
Cell. B — ^Battery Composed of Three Cells, Such as Commonly Used for 
Motor Car Engine Ignition. 

and bottom to keep them from touching. This roll is immersed in 
an electrolyte composed of a weak solution of sulphuric acid in water. 
Before such a cell can be used it must be charged, which consists 
of passing a current of electricity through it until the lead plates 
have changed their nature. After the charging process is complete 
the lead plates have become so changed in nature that they may be 
considered as different substances and a chemical action results be- 
tween the negative plate and the electrolyte and produces current 
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just as in the simple cell shown at Fig. 171, A. ^Mien the cell is ex- 
hausted the plates return to their metallic cc ndition and are practically 
the same, and as there is but little difference in electrical condition 
existing between them, they do not deliver any eunent until electricily 
has been passed through the cell so as to change the lead plates to 
oxides of lead instead of metallic lead. 

When storage cells are to })e used in automobile work they are com- 
bined in a single containing member, as shown at Fig. 171, B, which 
is a part sectional view of a Geiszler storage battery. The main 
containing member, a jar of hard rubber, is divided into three parts. 
Each of these com 2 )artnients serves to hold the elements comprising 
one cell. The positive and negative plates are spaced apart by wood 
and hard rubber separators which prevent short circuiting between the 
plates. After the elements have been put in place in the compart- 
ments forming the individual cells of the battery, the top of the jar 
is sealed by pouring a compound of pitch and rosin, or asphaltum, 
over plates of hard rubber, which keeps the sealing material from 
running into the cells and on the plates. Vents are provided over 
each cell through which gases produced by charging or discharging 
are allowed to escape. These are so formed that while free passage 
of gas is provided for, it is not possible for the electrolyte to splash 
out wlien the vehicle is in motion. 

It will be evident that this method of sealing would not be practical 
on a cell wlicre the members attacked by the acid had to be replaced 
from time to time, but in a storage battery only the electrolyte need 
be renewed. When the plates are discharged they are regenerated by 
passing a current of electricity through them. New electrolyte can 
be easily inserted through caps in wliich the vents are screwed, '^'he 
cells of which a storage battery is composed are joined together at 
the factory with bars of lead which are burned in place and only two 
free terminals are provided by which the battery is coupled to ijie 
outer circuit. 

The capacity of a storage battery depends upon the size and the 
number of plates per cell, while the potential or voltage is determined 
by the number of cells joined in series to form the battery. Each 
cell has a difference of potential of two and two tenths volts when fully 
charged, therefore a two-cell battery will deliver a current of fout 
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and four tenths volts and a three-cell type, as shown at Fig. 173, B, 
will give about six and six tenths volts between the terminals. In 
the form shown each cell is composed of four plates and their sepa- 
rators. Two of the plates are positive, the remaining two negative 
members. The size of storage battery to be used depends upon the 
number of cylinders of the engine. Four-cylinder motors usually 
take a six-volt, sixty-ampere-hour battery, but it is desirable to supply 
a six-volt battery having eighty -ampere-hour capacity for six-cylinder 
motors. 

When chemical current producers are depended upon to supply 
the electricity used for ignition, two distinct sets are provided, one for 
regular service and the other for emergency use in event of failure 
of that which is depended upon regularly. The common practice is 
to provide an accumulator or storage battery for normal use and a set 
of dry cells, which are cheaper in first cost and which do not deterio- 
rate if not used for some time, for emergency service. When two 
sources of current are thus provided, a switch is included in the cir- 
cuit so that either set may be used at will. The zinc terminal 
of the dry battery and the negative terminal of the storage battery are 
joined together by a suitatile conductor and are grounded by running 
the wire attached to them to some metal part of the chassis such as 
the crank case or frame side member. The remaining terminals, 
which are the positive of the storage battery and the carbon of the 
dry cell, are coupled to distinct terminals on the switch block. 

The fact that any battery cannot maintain a constant supply of 
electricity has militated against their use to a certain ’extent and 
the modern motorist demands some form of mechanical generator 
driven from the power plant, which will deliver an unfailing supply of 
electricity. The strength of batteries is reduced according to the 
amount of service they give. The more they are used the weaker they 
become. The modern multiple cylinder engines are especially severe 
in their requirements upon the current producer and the rapid se- 
quence of explosions in the average four- or six-cylinder motor pro- 
duce practically a steady drain upon the battery. When dry cells are 
used their discharge rate is very low and as they are designed only for 
intermittent work, when the conditions are such that a constant flow 
of current is required, they are unsuitable and will soon deteriorate. 
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The same objection Ipplies to a certain extwit to the storage bait- 
iery, though this form of current producer is more practical for use 
where a steady flow of current Is desired The same objection ad- 
vanced against the dry. cell that the current becomes weaker as the 
cell is used applies eqilally well to the storage battery. This has 
made it imperative that one of the various forme of meciianitial gener- 
ators be employed as a source of electricity for j egular ignition service. 
Such devices are driven directly from the engine and the amount 
of energy they deliver is proportionate to the speed of rotation. 
When the engine is accelerated and more electricity is needed, the 
mechanical generator speed increases directly as that of the driving 
source, and more current is delivered as the demands upon the gener- 
ator augment. 

Dynamo Electric Machines. — Two distinct types of mechanical 
generators are in common use and while their principles of action 
are practically the same, they differ somewhat in construction and 
application. The forms first used to succeed the battery were modi- 
fications of tlie larger dynamo electric machines used for delivering 
current for- power and ligliting. Later developments resulted in the 
simplification of the djmamo, by wliicli it was made lighter and more 
efficient, and the modern magneto igniter is the form usually fur- 
nished on conventional power plants. A dynamo uses electro-mag- 
nets to produce a magnetic field for the armature to revolve in and 
is necessarily somewhat heavier and larger than a magneto of equal 
capacity because the field in the latter instrument is produced by 
permanent magnets. An important advantage in using the magneto 
form of construction is that the weight of the windings is saved be- 
cause the permanent magnets retain their magnetism and do nut 
require the continual energizing that an electro-magnet demands. 

The dynamo construction is superior where a continual drain is 
made upon the apparatus, because if a magneto is used continuously 
the magnets are liable to lose, some of their strength and as the 
magnetic field existing between the pole pieces decreases in value the 
amount of current delivered by the apparatus diminishes in direct 
proportion. When electro-magnets are used the constant flow of elec- 
trical energy through the windings keeps them energized to the proper 
point, and as current is continuously supplied^ the strength of the 
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m^gmeto |leld reznmiis constant. The dynamo form of generator 
is ntifized where currents of considerable value are needed such as in 
.electric lighting systems now so widely used on automobiles. 

Where the device is depended upon only to furnish ignition cur- 
rent f he magneto is preferred by most engineers because it is simpler 
and ]%hter than the dynamo, and also because it may be made in such 
form thatlt will comprise a complete ignition system in itself. When 
a dynamo is utilized the conditions are just the same, as far as neces- 
sary auxiliary apparatus is concerned, as though batteries were used 
and one mWely substitutes a mechanical generator in place of the 
chemical dlls. The same auxiliary apparatus necessary in one case 
is employed in the other as well. 

A d 3 mamo or magneto produces electricity by an inductive action, 
which is a reversal of the phenomena by which a current of electricity 
flowing around a bar of iron or steel makes a magnet of it. If a 
wire through which a current of electricity is flowing will magnetize 
a bar of iron, a bar of steel which is already magnetized will generate 
a current of electricity by induction in a conductor surrounding it if 
either the magnet or the coil of wire is moved in such a manner that 
the magnetic influence is traversed or traverses the wire*. In a 
dynamo or magneto a coil of wire mounted on a suitable armifl^re is 
revolved between the pole pieces of the field magnet and as the con- 
ductor cuts across the zone of magnetic influence a current of elec- 
tricity is induced in the coil. The faster the coil is rotated the more 
rapidly the winding passes through the magnetic field. As an elec- 
trical impulse is produced every time the magnetic field as traversed, 
it is patent that the greater number of electrical impulses will pro- 
duce a current of higher value. 

A sectional view of a typical dynamo electric machine of conven- 
tional design is shown at Fig. 174. All parts are clearly indicated 
and there should be no difficulty in understanding the principles of 
operation. The three main portions of the dynamo are the field mag- 
nets, which produce the magnetic field, the armature, which carries 
the coils of wire and which is mounted between the extremities or 
pole pieces of the magnet, and the brushes, which bear against segments 
of a collecting device known as a commutator serving to convey the 
Current to terminals which are Joined to the outer circuit In the 
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form shown the field raagnete are coinp'^sed ^ of a number of iron 

stampings which are surrounded by a cod of wire, and two suoh uciag- 
nets are provided, one above, the oth^.r below the armature. Th0 < 
armature is supported on a shaft mounted in ball bearings so that 
will turn with minimum friction. The ivhole meebanirm is protected 
by an outer casing. 

The device shown is a constant speed dynamo, i. e., it should be 
operated at a certain speed to obtain the best resuHs. If run faster 



Fig. 174.— Gray & Davis Governed Dynamo, an Appliance for Producing Elec- 
tricity by Mechanical Means. 

than the speed for which it is designed tlie excess current generated 
is liable to burn out the windings of the field magnet. Por "his 
reason a governor of the fly ball type is interposed between tne 
dynamo armature and the driving shaft coupled to the source of 
power. At all normal speeds the tension of the governor Spring 
keeps the two plates of the clutch in contact and the armature is 
turned at the same speed as the driving shaft. 

Should the driving shaft speed exceed a certain predetermined 
limit the governor weights will fly out by centrifugal force and the 
governor spring will be compressed so the driving and driven plates 
of the clutch are separated and the driving shaft revolves indepeu^f 
ently of the armature. As soon as the armature speed becomes f)iN? 
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duced sufficiently to allow the governor spring to overcome the centrif^ 
ugal force and draw back the governor weights, the clutch plates 
are, again brought into contact and tlie armature is again joined to 
the driving shaft. 

A current of air is kept circulating through the casing by means 
of the fan action of the reenforcing webs of the clutch plate, the ob- 



Flg. 176. — ^Distinctive Form of Current Producer Used on Ford Cars is Incor*^ 
porated in the Power Plant Fly Wheel. 


ject being to absorb any heat which may be produced while the 
dynamo is in action. An appliance of this nature may be driven 
from the engine by belt, chain, or gear connection. It will deliver 
low voltage current which must he transformed by means of an induc- 
tion coil to current of higher value in order that it may be success- 
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fully utilized to produca ihe sperk in the combuetion chambers of tim 
engine* 

A very ingenious application of the dynamo is shown at Pig. 1?5* 
The electric generator is built in such a manner that it forms an 
integral part of the power plant. The mag]:ieto field is produced 
a series of revolving magnets which are joined to and Uirn with the 
fly wheel of the motor. The armature coils are earned by a fixed 
plate which is attached to the engine base. This apparatus is really a 
magneto having a revolving field and a fixed armature, and as the 
magnets are driven from the fly wheel there is no driving connection 
to get out of order and cause trouble. As the coils in which the 
current is generated are stationary, no commutator or brushes are 
needed to collect the current because the electricity may be easily 
taken from the fixed coils by direct connection. It has been ad- 
vanced that this form of magneto is not as efficient as the conventional 
patterns because more metal and wire are needed to produce the cur- 
rent required. As the magnets which form the lieavier portion of the 
apparatus arc joined to the fly wheel, which can be correspondingly 
lighter, this disadvantage is not one that can be considered seriously 
b(*cause the magnet weight is added to that of the motor fly wheel, 
the combined weight of the two being that of an ordinary balance 
member used on any other engine of equal power. 

Timer and Distributor Forms. — ^Anyone familiar with the basic 
principles of internal combustion engine action will recognize the 
need of incorporating some device in the ignition system, which will 
insure that the igniting spark will occur only in the cylinder 
that is ready to be fired and at the right time in the cycle of opera- 
tions. There is a certain definite point at which the spark must ti^ke 
place, this having been determined to be at the end of the compres- 
sion upstroke, at which time the gas has been properly compacted 
and the piston is about to start returning to the bottom of the cyl- 
inder again. Timers or distributors are a form of switch designed 
so that hundreds of positive contacts which are necessary to close and 
open the circuit may be made per minute without failure. 

When the device is employed to open and close a low-tension cir- 
cuit, it is known as a commutator or timer, and when used in connec- 
tion with current of high voltage they are called secondary distribu- 
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tors. Certain constructional details make one form different from 
the other, and while they perform the same functions they vary in 
design. Such distributing devices are always driven by positive gear- 
ing from the engine and are timed so the sparks will occur in the 
cylinders at just the proper ignition time. The usual construction ivS 
to use a fixed case which carries one or more contact members suitably 
disposed around its periphery and a central revolving member or 
cam which contacts with the points on the body of the device to close 
any desired circuit. On a four-cycle engine the cam is revolved at 
one half the engine speed and the timer is usually driven from the 
cam shaft. In two-cycle engines the revolving member of the timer 
turns at engine speed, and should bd driven directly from and at 
the same speed as the crank shaft. 

Simple timer forms suitable for one-cylinder motors are show’n 
at Fig. 175. The simplest one, depicted at A, consists of a rocking 
member of fiber or other insulating material whi(*h carries a st('el 
spring that is normally out of engagement with the surface of the 
cam. When the point of the cam brushes by the contact spring, any 
circuit in w'hich the device is incorporated will be closed and current 
will fl.ow from the battery or dynamo to the transformer coils and 
spark plugs which are depended on to furnish a spark of sufficient 
intensity to insure ignition of the gas. It is desirable that the mem- 
ber which carries the contact spring be capable of a certain degree of 
movement, in order that the spark time may be advanced or retarded 
to suit various running conditions. In the form sliown if the top 
of the casing is pushed in the direction of the arrow, ihe contact 
spring will come in contact with the point of the cam which is turn- 
ing in the direction indicated sooner than it will if the base member 
is rocked in a reverse direction and the contact spring pulled away 
from the point of the cam instead of being moved forward to meet it. 
The wipe contact form is the simplest, but the spring is liable to 
wear at the point of contact and may break off and cause trouble. 
Such a device is more suitable for low-speed engines than it is for 
those which have high crank-shaft velocity. 

The single-cylinder timer depicted at B is a form that is widely 
used on high'^speed engines and contact is made between a pair of 
platinum contact points which just touch each other instead of wip- 
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ing. Platinum is a material that ia not affectea by the arcing or h^t 
of the spark as much as steel or brass wou’id be axid provides a more 
positive contact. In the wipe contact form the continual brushing 
action of the cam against tlie spring tends to keep the contact surfaces 
clean, but this condition doc*s not olitain in the simple touch contact 
of the form shown at B. The casing is rocked in the direction of 



Fig. 176. — Simple Forms of Contact Breakers Used on One-Cylinder Engines* 
A — Wipe Contact. B — Touch Contact. 


the arrow to advance a spark in either case. The form shown at B is 
more economical of current because the contact is shorter and is more 
suitable for high-speed engines. While the forms considered prove 
practical in their application to simple one- and two-cylinder engine 
forms, they are very heavy or clumsy appliances when used for four- 
cylinder engines, as it is very hard to assemble the spring element so 
that the contact will take place at the proper point in all cylinders. 

When a timer is to be used in connection with a four- or six-cylin- 
der engine the compact form shown at Fig. 177, A, is usually adopted. 
This has many desirable features and permits of timing the spark 
with great accuracy. The contact segments are spac^ on quarters 
and are imbedded in a ring of fiber which is retained in a casing of 
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aluminum* The central revolving element carries a lever which 
has a roll at one end and a tension spring designed to keep the roller 
in contact with the inner periphery of the fiber ring at the other. 
The segments are of steel and are accurately machined and liardened, 
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portion of the case a number of tcrmir.ah are inserted from which 
wires lead to plugs in the cylinders. When a timer of the form 
shown at Fig. 177, A, is used, a feparate induction coil is needed for 
each cylinder and the hiimber of units in the coil box and contact 
points on the timer will be the same as tiie number of cylinders to be 
fired. When a secondarj’ distnbutor is employed but one induction 
coil is needed for all cylinders, because the secondary or high-tensiem 
current from one unit is distributed to the spark plugs at the proper 
time. Various wiring diagrams will be presented to show the 
methods of using timers and distributors. It will be noticed that 
the high-tension portion of ^the distributor is well insulated from the 
primary circuit closing member at the lower end. This is necessary 
because current of higli voltage is much more difficult to handle than 
that of lower pressure, and it is more liable to short circuit. 

The arrangement of the contact points for various numbers of 
cylinders in roller contact timers is shown at Fig. 178. At A but 



Fig. 178. — Showing Disposition of Contact Points on Timers for Number ol 
Cylinders. A — One-Cylinder Type. B — Arrangement for Two-Cylinder 
Opposed Motor. C — Contacts Separated by 90 Degrees in One Direction 
and 270 Degrees in the Other when Used on Two-Cylinder Vertical Engiim 
with Opposed Crank Pins. D — ^Three-Cylinder Form. £ — Suitable fnr 
Four-Cylinder Engines. F— -Type Employed on Six-Cylinder Power Plaiiilig.; 
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one segment is provided, this obviously serving only one <grlinder. 
The form depicted at B is utilized with a double-cylinder opposed 
motor or a twin-cylinder vertical type in wliich both connecting rods 
ac|; on a common crank pin or crank pins in the same plane. As the 
explosions are evenly spaced and the intervals separating the sparks 
are equal, the contact segments are placed diametrically opposite and 
are separated by a space of 180 degrees. If the two-cylinder engine 
is a vertical form having opposed cranks, tlic explosions will not 
be separated by equal intervals, so the segments must be placed to com- 
pensate for the difference which exists in the time interval separating 
the power impulses. Two contact segments are imbedded in the in- 
sulating ring, the contacts being separated by a space of 00 degrees 
on one side and 270 degrees on the other. This form of timer is 
seldom used at the present time because the two-cylinder engine of 
the pattern for which it is adapted has been practically discarded. 

When three cylinders are used the contact points are separated 
by a space of 120 degrees, as shown at D. In a four-cylinder timer 
the contact segments are spaced on quarters of the circle and are 
separated by a space equal to 90 degrees. With a six-cylinder motor 
six segments are necessary, these being separated 1)y a space of 60 
degrees, as shown at F. Before considering tlie other components of 
a battery ignition system it would be well to outline the essential 
elements of a simple ignition group so that the circuit and flow of 
current may be easily followed. 

Essential Elements of Simple Ignition System. — The ^jurrent ob- 
tained from the dry or storage battery or low-tension dynamo or 
magneto is not sufficiently powerful to leap the gap which exists be- 
tween the points of the spark plug in the cylinder unless it is trans- 
, formed to a current having a higher potential. The air gap between 
the points of the spark plug has a resistance which requires several 
thousand volts pressure to overcome, and as a battery will only deliver 
six to eight volts, it will be evident that, unless the current value 
is increased, it could not produce a spark between the plug^ elec- 
trodes. 

The low voltage current is transformed to one of higher potential 
by means of a device known as the induction coil. The current from 
the battery is passed through the primary coil, which is composed of 
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several layers of coarse ^re wound around a core of soft iron wire 
to form an electro-magnet as thown at T:>. 179. Surrcunding this 
primary coil is one composed of a large number of turns of finer 



Fig. 179. — Simple Ignition System lor One-Cylinder Motor Showing importtnl^ 
Components and Their Relation to Each Other. 
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conductor. When a current of electricity of low voltage passes 
through the primary coil, a current of very high electro-motive force 
is produced in the secondary winding. One end of each coil is 
grounded. The free end of the primary coil is coupled to the battery 
while that of the secondary coil is attached to tiie insulated terminal 
of the spark plug. 

The arrangement of wiring at Fig. 179 is that employed in a 
typical transformer coil which is used to increase the voltage of the 
current suflBciently to cause it to overcome the resistance of the air 
gap at the spark plug and produce a spark whicli will ignite the gas. 
In the primary circuit are included a suitable timer for closing the 
circuit, a battery of chemical cells to supply the energizing current, 
and a vibrator or make-and-break mechanism on the coil. The sec- 
ondary circuit includes the spark plug and the secondary winding 
of the coil. 

When the primary circuit is closed by the cam of the timer making 
contact with the segment, ihe current from tlie ])attery flows through 
the primary coil of the transformer. This magnetizes the core wliich 
draws down the trembler blade, this in turn separating the platinum 
contact point of the vibratdr and interrupting the current. As soon 
as the current is interrupted at the vibrator the core ceases to be a 
magnet and the trembler blade flies back and once again closes tlie 
circuit between the platinum points. Every time the circuit is made 
and broken at the vibrator an electrical impulse is induced in the 
secondary winding of the coil. 

The vibrator may be adjusted so that it will make and 'break the 
circuit many times a minute and as a current of high potential is 
produced in the secondary winding with each impulse, a small spark 
will be produced between the points of the spark plug. The condenser 
,is a device composed of layers of tin foil separated from each other 
by waxed or varnished paper insulation. It is utilized to absorb some 
of the excess current produced between the vibrator points, which 
causes sparking. This extra current is induced by the action of the 
primary coils of wire upon each other and by a reversed induction* in- 
fluence from the secondary coil. 

If this current is not taken care of, it will impede the passage 
of the primary current and the sparks are apt to burn or pit the 
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platinum contact points W |he vibrator. "VTlien a condenser is pro* 
vicled the extra primary current is absorbed by the sheets of tin foil 
which become charged with electricity* When contact is made again 
the condenser discharges the current in the same direction as that 
flowing through the prliuar} coil from the batter}^ and the value 
of the latter is increased proportionately. There is less sparking be- 
tween the vibrator points and a stronger current is induced in the 
secondary coil which in turn produces a more intense spark between 
the points of the spark plug. 

A typical induction coil such as would be. used for firing a one- 
cylinder engine if used with a simple timer, or a multiple-cylinder 



Fig. 180. — ^Part Sectional View of Simple Induction Coil, an Important Component 
of All Battezy Ignition Groups and Sometimes Used with Magnetos. 


engine if used in connection with a combined timer and distributor, is 
depicted in part section at Fig. 180 . It will be observed that three 
terminal screws are provided on the box, one designed to be attached 
to the battery, the other two to the spark plug and ground, respec* 
tively. The terminal to which the battery wire is attached is coupled 
to the bridge member which carries the contact screw while the vi* 
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bxator blade is connected with one of the ends of the primary coil. 
The other end of the primary coil goes to the terminal which is joined 
to the ground. The condenser is slmnted in between the vibrator 
points, i. e., one of the leads is attached to terminal No. 1 while the 
other is soldered to the end of the primary coil which goes on the 
vibrator spring member. One end of the secondary coil is attached 
to terminal No. 2, which is grounded on some metal part of the 
chassis frame, while the other end is secured to terminal Xo. 3, which 
is joined to the spark plug electrode. After the various components 
of the induction coil are assembled in the box and the connections 
made as indicated, the spaces between the sides of the box and the 
coil member are filled with an insulating compound composed of bees- 
wax, pitch and rosin. This holds everything rigidly in place and 
prevents tlie wire joints loosening through vibration. 

The method of connecting the members of an induction coil, shown 
at Fig. 180, is a conventional one, though the connections will differ 
with the nature of the circuit of which the coil forms a part and the 
number of units comprising the coil assembly. When such devices 
are employed for igniting multiple-cylinder motors, the internal 
wiring is very much the same as though the same number of box 
coils for single-cylinder ignition were combined together by outside 
conductors. The number of terminals provided will vary with the 
number of units. 

Various forms of induction coils are depicted at Fig. 181, That 
at A is a simple unit form in which the coil is attache;! directly to 
the spark plug, which in turn is screwed into the cylinder. On this 
coil but two primary terminals are attached, one being connected to 
the insulated contact point on the timer, the other being grounded, 
or attached to the battery. Coils of this type have been very popular 
in marine application because of the simple and direct wiring possible, 
but they have not been used in connection with automobile engine 
ignition to any extent. The form shown at B is a simple dash coil 
for one-cylinder use which has three terminals, one being used for a 
secondary lead to the spark plug, the other two being joined^to the 
battery and ground respectively, as shown at Fig. 180. 

The form of coil shown at C is a two-unit member designed for 
double-cylinder ignition. As the switch is mounted on the coil box 




Fig. 181. — Conventional Induction Coil Forms. A — Coil Unit and Plug Com- 
bined. B — Simple Box Coil for One-Cylinder Ignition. C — Two-Unit Coil 
for Two-Cylinder Motors. D — ^Four-Unit Coil for Four-Cylinder Service. 
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contawjt point of the timer; two others which are enclosed in hard 
rubber insulating caps are attached to the spark plugs. The two imme- 
diately under the switch are attached to the free terminals of tlie bat- 
tery, two sets being provided, one being coupled to each side of the 
switch. 

'With a four-unit coil, as shown at D, ten terminals are provided 
because of the attached switch. Four go to the spark plugs, four to 
the insulated segments of the timer and two to the battery, or battery 
and magneto or dynamo, as the case may be. In modern coils the 
units may be removed from the box without disturbing any internal 
connection, and a new one slipped in its place if it does not function 
properly. Special care is taken in insulating the high-tension ter- 
minal by means of rubber caps which surround the wire, and care is 
taken to have the vibrator contact points readily accessible for in- 
spection, cleaning, or adjustment. 

Spark Plug Design and Application. — ^With the high-tension system 
of ignition the spark is produced by a current of high voltage jump- 
ing between two points which break the complete circuit, which would 
exist otherwise in the secondary coil and its external connections. 
The spark plug is a simpje device which consists of two terminal 
electrodes carried in a suitable shell member, which is screwed into 
the cylinder. Typical spark plugs are shown in section at Fig. 182 
and the construction can be easily understood. Tiie secondary wire 
from the coil is attached to a terminal at the top of a central electrode 
member, which is supported in a bushing of some form of insulating 
material. The type shown at A employs a molded porcelain as an 
insulator, while that depicted at B uses a bushing of mica. The in- 
sulating bushing and electrode are housed in a steel body, which is 
provided with a screw thread at the bottom, by which it is screwed 
into the combustion chamber. 

When porcelain is used as an insulating material it is kept from 
direct contact with the rnetal portion by some form of yielding pack- 
ing, usually asbestos. This is necessary because the steel and porce- 
lain have different coefficients of expansion and some flexibility must 
be provided at the joints to permit the materials to expand differently 
when heated. The steel body of .the plug which is screwed into the 
cylinder is in metallic contact with it and carries sparking points 
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which form one of the terminals of the air gap over which the spark 
occurs. The current entering at the top of the plug cannot reach 
the ground, which is represented by the metal portion of the engine, 
until it lias traversed the full length of the central electrode and 
overcome the resistance of the gap between it and the terminal point 
on the shell. The porcelain bushing is fiiril^/ seated against the 



Fig. 182. — Spark Plug Construction Outlined. A — Sectional View of Por^bin 
Plug. B — Part Sectional View of Mica Plug. 


asbestos packing by means of a brass screw gland which sets against a 
flange formed on the porcelain, and which screws into a thread at 
the upper portion of the plug body. 

The mica plug shown at B is somewhat simpler in construction 
than that shown at A. TJie mica core which keeps the central elec- 
trode separated from the steel body is composed of several layers of 
pure sheet mica wound around the steel rod longitudinally, and hun- 
dreds of stamped steel washers which are forced over this member 
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and compacted under high pressure with some form of a binding 
material between them. Porcelain insulators are usually molded 
from high grade clay and are approximately of the shapes desired 
by the designers of the plug. The central electrode may be held in 



Fig. 183. — Three Forms of Spark Plugs in which Electrodes are Separated by 

Porcelain Insulation. 


place by mechanical means such as nuts, packings, and a shoulder 
on the rod, as shown at A. Anotlier method sometimes used is to 
cement the electrode in place by means of some form of fire-clay , 
cement. Whatever method of fastening is used, it is imperative that 
the joints be absolutely tight so that no gas can escape at the time 
of explosion. With a mica plug tlie electrode and the insulating 
bushing are really a unit construction and are assembled in permanent 
assembly at the time the plug is made. 

Other insulating materials sometimes used are glass, steatite 
(which is a form of soapstone), and lava. Mica and porcelain are 
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the two common materials used because they give the bast results. 
Glass is liable to crack while lava or the soapstone insulating bushings 
absorb oil. The spark gap of the average plug is equal to about ^ 
of an inch for coil ignition and frum to - 0 ^ cf an inch when 
used in magneto circuits. A simple gauge for determining the gap 
setting’ is the thickness of an ordinary visiting card tor magneto 
plugs, or a space equal to the tldckness of a worn dime for a coil plug. 
The insulating bushings are made in a number of different wa}^^, and 
while details of construction vary, spark plugs do not differ essen- 
tially in design. Three different forms of plugs using porcelain insu- 
lation are shown in part section at Fig. 183. Porcelain is the ma- 
terial most widely used because it can be glazed so that it will not 
absorb oil, and it is subjected to such high temperature in baking 
that it is not liable to crack when heated. 

The spark plugs may be screwed into any convenient part of the 
combustion chamber, the general practice being to install them in the 



Fig. 184.— Methods of Installing Spark Plugs of Conventional Form. A— In- 
correct Method. B — Correct Installation in Valve Chamber Cap. C — 
Combined with Cylinder Priming Device or Compression Relief Cock. 


caps over the inlet valves, or in the side of the combustion chamber, so 
the points will be directly in the path of the entering fresh gases 
from the carburetor. The methods of spark plug installation com- 
monly used are shown at Fig. 184. At A the plug is screwed into 
a threaded hole which passes through the valve cap in such a manner 
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that the points are in a pocket. This is not considered to be as good 
as the method depicted at B, where the interior of the valve cap is 
recessed out so there is considerable space around the spark point. 
When the electrodes are carried in a pocket they are more liable to 
become short circuited by oil or carbon accumulations, because it is 
difficult for the fresh gases to reach them and the pocket tends to 
retain heat. Ignition is not so certain because some of the burned 
gases may be retained in the pocket and prevent the fresh gas from 
getting in around the spark gap. With a recess, as shown at B, condi- 
tions are more favorable because the fresh gases can sweep the points 
of the spark plug and keep them dear, and also because of the 
larger space any burned products retained in the cylinder are not so 
apt to collect around the plug point. 

On some t^’pcs of engines which are not provided with compression 
relief, or priming cocks, plugs are sometimes installed, as shown at C. 
A special fitting, which carries a priming cup at one side, is screwed 
into the cylinder and the spark plug is fitted to its upper })ortion. 
When it is desired to relieve the compression, the valve portion is 
turned in such a way that a passage is provided from the interior 
of the fitting to the outer air. At the same time when the valve is in 
the position shown in illustration, gasoline may be introduced into 
the cylinder for priming purposes. It is advanced that this method 
of const ructon also provides a simple means of freeing the plug 
points from oil or particles of carbon if the cock is opened while the 
eiigine is running. The high pressure gas which brumes by the 
points on its way out of the cylinder tends to dislodge any particle of 
foreign matter which may be present near the spark gap. The same 
objections apply to this method of mounting as to that illustrated 
at A. 

Spark plugs are made in many different forms and some have 
been designed with a view of permitting one to see if the charge is 
being exploded regularly in the cylinder by some form of transparent 
material for insulation, so that the light produced by the explosion 
could be seen from the outside of the cylinder. The simplest m‘ethod 
of determining if a spark is occurring regularly between the points 
is to use some form of spark gap which is interposed between the 
source of current and the plug terminal. A device of this nature is 
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sbowii at Fig. 18 S, A. It CQMistB of a bod\ of tubulating material 
which carries in a glass tube two points, which are separated by a 
slight air space. The eye .or hook end is attached to the plug ter- 
minal, while the otlier end is attached to the secondary wire. If the 
current is passing between the poinis of the plug, a spark will take 



Fig. 186. — Novel Spark Plugs and Accessory Parts. A — Spark Gap Designed 
to be Placed in Series with Plug Electrode and Current Source. B — ^Plug 
Shell with Glass Insets to Show Spark. C — Spark Plug with Waterproof 
Terminal Cover. 

place between the points of the auxiliary spark gap every time one 
occurs between the points of the plug in the cylinder. 

It is claimed that there are certain advantages obtained when a 
spark gap is used in the circuit, in that the spark in the cylinder is 
more effective and less liable to be short circuited by particles of 
foreign matter. At the other hand, others contend that the current 
must be stronger to jump two gaps than would be required if only 
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the resistance of one was to be overcome. While very popular at one 
time, the spark gap is of rather doubtful utility and is seldom used 
at the present time, except as a means of indicating if spark has 
taken place between the points of the spark plug. It is apt to be 
somewhat misleading, however, because even if the points of the plug 
are short circuited and no spark is taking place between the plug 
points, and yet current is passing to the gi'ound, a spark will con- 
tinue to take place at the auxiliary s})ark gap. The device is use- 
ful in showing when there is a break or derangement of the wiring 
or coils. 

A form of spark plug having glass bull eyes set into the plug shell 
or body is shown at Fig. 185, B. These simple lenses are made of 
specially compounded glass, which has a high resistance to heat and 
every time an explosion takes place in the cylinder the light resulting 
causes a flash wdiicli is readily seen through the lens. If tlie flashing 
is regular it is safe to assume that the cylinder is functioning prop- 
erly, but should the flashes be intermittent or separated by unequal 
intervals of time the cylinder is missing explosions. 

It is often desirable to have a water-tight joint between the high 
tension cable and the terminal screw on top of the insulating bush- 
ing of the spark plug, especially in marine applications. The plug 
shown at C is provided with an insulating member or hood of porce- 
lain, which is secured by a clip in such a manner that it makes a 
water-tight connection. Should the porcelain of a conventionml form 
of plug become covered with water or dirty oil, the high-tension cur- 
rent is apt to run down this conducting material on the porcelain and 
reach the ground without having to complete its circuit by jumping 
the air gap and producing a spark. It will be evident that wherever 
a plug is exposed to the elements, which is often the case in motor- 
cycle or motor-boat service, that it should be protected by an insulat- 
ing hood which will keep the insulator dry and prevent short circuit- 
ing of the spark. 

Plugs for Two-Spark Ignition. — On some forms of engines^ es- 
pecially those having large cylinders, it is sometimes difficult to* secure 
complete combustion by using a single-spaark plug. If the oomMstion 
is not rapid the efficiency of the engine wiH be reduced proportionate- 
ly. The compressed charge in the cylindei^ does not ignite all at 
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once or instantaneously, as many assume, bat it is the strata of gas 
nearest the plug which is. ignited first. Thii in turn sets fire to con- 
secutive layers of the cliarge untjl the entire mass is aflame. One 
may compare the combustion of gas in the gas-engine cylinder to the 
phenomena which obtains wlien a heavy object is thrown into a pool 
of still water. First a small circle is seen at the point where the 
object has passed into the water, this circle in turn inducing other 
and larger circles until the whole surface of the pool has been 
agitated from tlie one central point. The method of igniting the 
gas is very similar as the spark ignites the circle of gas immediately 
adjacent to the sparking point, and this circle in turn ignites a 
little larger one concentric with it. The second circle of flame sets 
fire to more of the gas, and finally the entire contents of the combus- 
tion chamber are burning. 

While ordinarily combustion is sufficiently rapid with a single plug 
so that the proper explosion is obtained at moderate engine speeds, 
if the engine is working fast and the cylinders are of large capacity, 
more power may be obtained by setting fire to the mixture at two 
different points instead of but one. This may be accomplished by 
using two sparking j^lugs in the cylinder instead of one, and experi- 
ments have shown that it is possible to gain from twenty-five to thirty 
per cent in motor power at liigh speed with two-spark plugs, because 
the combustion of the gas is accelerated by igniting the gas simul- 
taneously in two places. To fit a double-spark system successfully, 
one of the plugs must be a double pole member to which the high- 
tension current is first delivered, while the other may be one of 
ordinary construction. 

A typical double-pole plug is shown in section at Fig. 186, A. 1:. 
this member two concentric electrodes are used, these being well in- 
sulated from each other. One of these is composed of the usual form 
passing tlirough the center of the insulating bushing, while the other is 
a metal tube surrounding the tube of insulating material which is 
wound around the center wire. The current enters the plug through 
the terminal at the top in the usual manner, but it does not go to 
the ground because the sparking points are insulated from the steel 
body of the plug which screws into the cylinder. After the current 
has jumped the gap between the sparking head and the point, it 
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A 

flows back to the terminal plate at the top, from which it is conducted 
to the insulated terminal of the usual type plu^. 

The method of wiring these plugs is shown at Fig. 186, B. The 
secondary wire from tlie coil or magneto is attached to the central 


Terminal 
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Coil or Magneto 
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Fig. 186. — Double-Pole Spark Plug and Method of Applying It to Obtain Two 
Sparks in the Cylinder. 


terminal of the double-pole plug, and another cable is attached to 
the insulated terminal plate below it and to the terminal of the regu- 
lar type plug. One is installed over the inlet valve, the other over 
the exhaust valve, if the system is fitted to a T head cylinder. Before 
the current can return to the source it must jump the gap between 
the points of the double-pole plug as well as those of the ordinary 
plug, which is grounded because it is screwed into the cylinder. 
When a magneto of the high-tension type furnishes the current a 



The Modern Gasoline Avtovnohile 387 ' 

double distributor is soiuetimer fitted, which wiiJ permit one to use 
two ordiimrv single-pole plugs instead of the unconventional double- 
pole member. Each of the plugs is joined to an individual distrib- 
utor, and as but one primary contact breaker or timer is used to 
determine the time of sparking ai both plugs, the ignition is properly 
synchronized and the « 2 )arks occur simultaneously. 

Typical Battery Ignition Systems. — Tlie components of typical bat- 
tery ignition systems may be easily determined by studying the illus- 
trations given at Figs. 187, 188, and 18b. Tlie four-cylinder ignition 
group shown at Fig. 187 do 2 )icts tlie conventional method of wiring 


High Tension Wires 



Fig. 187. — Assembly View of Four-Cylinder Igxiition Group Showing All Devices 
and Methods of Wiring. 

two sets of batteries, a four-point timer or commutator, and a four- 
unit induction coil together. It will be seen that eight dry cells are 
wired together in series and are used as an auxiliary to a six-volt or 
three-cell storage battery. The negative terminals of the storage bat- 
tery and dry c^l set are coupled together by a short length of wire 
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and are grounded by being attached to the engine base by a 
suitable conductor. The positive terminals are coupled to the 
two binding posts under the switch or the coil. The four points of 
tlie commutator are attaclied to tlie different units of the coil while 
the secondary wires run from tlie liigh-tension terminals on the 
bottoBl of the coil to the spark plugs in the cylinders. If the switch 
lever is placed on one contact button, the current is ol>taine(i from the 
dry cells. If it is swung over to the other side, electricity from the 
storage battery is utilized. 


Con 

High Tension Wites 



Pig. 188. — Methods of Employing Single Coil to Fire Four Cylinders when Sec- 
ondary Current is Distributed Instead of Battery Energy. 

A typical high-tension distributor system is shown at Fig. 188. 
Two sources of primary current are provided, one being a six-cell, dry 
battery, tlie otiier a three-cell, or six- volt storage battery. The bat- 
tery conncclions are similar to those previously shown and but a 
single unit coil is needed to fire all cylinders. A single primary wire 
is attached to the commutator section of the distributor. The second- 
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ary wire from the induction eoil is joined lO the distributing terminal 
on the top of the distributor, from which it is delivered to the collect- 
ing terminals spacjed on quarters aiound the outer periphery of the 
^ distributor casing by ineant of a (central distributing segment. Suit- 
able conductors connect the distributor wHh the spark plugs in the 
cylinders. 



Fig. 189. — Distributor and Coil Ignition Group for Six-Cylinder Motor Showing 
Order of Firing and Wiring Connections Clearly. 

Tlie illustration at Fig, 189 is practically the same as that at 
Fig. 188, except that a distributor capable of bring a six-cylinder 
engine is used. If individual unit coils were to he employed, as is 
tlie case at Fig. 187^ the coil box would contain six units and the 
primary timer would have six contact points. The wiring would be 
considerably more complicated than the system outlined. 

Features of Low-Tension Ignition System. — Though the low-tension 
ignition system is seldom used at the present time, a brief descrip- 
tion of the method of producing a mako-and-break spark is desirable 
so the reader may gain a thorough knowledge of the methods of 
ignition the vogue. In order to obtain a spark in the cylinder of any 
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engine, it is necessary that there be a break in the circuit and that 
this break or interruption be inside of the combustion chamber. The 
igniter plate used is different in construction from the spark plug 
forming part of the high-tension system, as the break is made by 
moving contacts which serve to time the spark as well as produce it. 



Fig* 190. — Low-Tension Ignition Plate by which Spark is Produced in Some 
Locomobile Engine Cylinders. A — ^External View Showing Rocker Arm. 
B — ^Interior View Depicting Contact Points. C — Method of Operation. 


* 

A typical igniter is shown at A and B, Fig. 190. It consists of a 
drop-forged plate approximately triangular in form which has a coni- 
cal ground surface to fit a corresponding female member in the com- 
bustion chamber. It is secured by three bolts to a corner of the 
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cylinder close to the inlet \alve so the ei)iita^i points will be traversed 
by the gases entering from the carburetor. As shown at the fixed 
contact point is called Die anvil, while the movable or rocking mem- 
ber is called Die hammer The an^di is insulated from the igniter 
plate by a busiiing of mica or Java, and the hammer alternately makes 
aiivl breaks contact with Die anvil. The metliod ot acturding the ham- 
mer by a rocker arm is cleariv shown at C. The rocker arm 5 is in 
the form of a short lever ending in a slotted opening w'hich is con- 
nected to the top of tlie verti»..al lifter rod 9. dDiis is actuated by a 
earn on the inlet valve cam shaft which raises the valve plunger 11 in 
tlie guide hiisliing 10. When the lifter rod moves upward the con- 
tact ])oint on the hammer inside of the (wlinder comes into contact 
with Die platinum j)oint on the anvil and closes the circuit. When 
tlu‘ igniicr cam reaches Die proper point for igniting the cliarge Die 
lifter rod 9 falls and as the action is (piickened hy a spring at the 
bottom of Dio lifter rod tlie hammer arm -1 is separated from the con- 
tad point on the anvil 6 and a spark takes place as the points are 
] lulled apart. 

The coil used Avlien batteries are employed to furnish the current 
is a simjile form. It is a winding of comparatively coarse wire 
around a core composed of a bundle of soft iron wire. The battery 
current is intensified to a certain extent by Die self-induction of one 
layer of wire ujion the others, and when contact is broken a brilliant 
spark occurs between the points of the igniter plate. Batteries are sel- 
dom used for regular service on the low-tension system because the 
demands are too severe. 

One of the advantages of Diis system is that the wiring is (X- 
tremely simple, as will be seen by consulting the diagram of the low - 
tension ignition system illustrated at Fig. 191. In this both a low- 
tension magneto and set of batteries are provided, the former being 
used for regular ignition while the latter are carried for emergency 
service. A simple form of magneto will serve any number of cjd- 
inders because the insulated terminals of the igniters are joined to- 
gether by a simple conductor or bus bar. A wire from the magneto 
terminal is joined to one side of the switch, while the other side of 
the switch is coupled to the coil which is carried in the battery box. 
A short wire connects the top of the switch lever with the bus bar. 
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If the switch lever is SA^iing to the left, the magneto produces the 
current for the igniters, and if the switch lever is placed on the button 
at the right, the current supply is taken from tlie batteries* The dry 



Fig. 191. — Low-Tension Ignition System for Four-Cylinder Motor Utilizes Bat- 
tery and Magneto for Current Production. Note Simple Wiring — ^All Con- 
ductors Conveying Low-Tension Current. 


cells are joined togetlier in series connection, one pole being joined 
to a coil terminal, the other being grounded. The coil and the igniter 
plates are in series with the batteries and the current is returned t<o 
the ground through the rocker arm, which is a metallic contact with 
the igniter plate. 

The disadvantage which has militated against the general use of 
the make-and-break system of ignition is that it is very difficidt to 
obtain synchronized spark after the mechanism had become worn, and 
unless the igniter plates were kept in perfect adjustment the spark 
time would vary and the efficiency of the engine would be lowered. 
As the moving electrodes operate under extremely disadvantageous 
conditions it is difficult to prevent rapid wear of the rocker arm 
bearing at the igniter plate and consequent leakage of gas results. 
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Owing to the multiplicit\ of joials in the operating mechanism it is 
difficult to secaire regular action without backlash or lost motion. 

With a higli-tension system fticrc are no moving parts inside of 
tlie cylinder and it is not difficult to maintain a tight joint between 
the plug body and the cylinder head. Tiie timer mc<'»haiiism which 
is employed when baitfuies and coils are utilized to furnish the cur- 
rent is a comparatively simple device which is not liable to wear be- 
cause it can be easily oiled and has a regidar rotating movement which 
can operate without getting oC time much better than the recipro- 
cating parts of the make-and-break mechanism. When a direct high- 
tension magneto is used tlie system is not much more complicated as 
far as wiring is concerned than a low-tension group, and as the 
ignition is more reliable it is not strange that jump spark or high- 
tension ignition is almost generally used in auiomobile practice. 
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Fig. 192. — Simple High-Tension Magneto for One-Cylinder Ignition. A Com- 
plete Apparatus Comprising Source of Current and Timing Device as Well. 

Magneto Generator Construction. — The magneto is a simple form 
of dynamo and a mechanical generator of electricity in which per- 
manent magnets arc used to produce the magnetic field and between 
which the armature revolves. The permanent magnets are called 
field magnets and at their ends are provided cast-iron shoes which 
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form the walls of the armature tunnel and which are known as pole 
pieces. A typical magneto adapted for single-cylinder ignition is 
shown in section at Fig. 192. It consists of two compound horse- 
shoe magnets attached to the pole pieces which collect and concentrate 
the ihagnetism upon the armature. The armature is sliuttle-shaped 
and carries a double winding of wire wdiich consists of two coils, one 
of coarse, the other of fine conductor. The armature is attached to 
end pieces which carry shafts and the whole assembly revolves on 
annular ball bearings. An ebonite or hard rubber spool is (carried 
at one end while the condenser is housed at tlie other. The make- 
and-break mechanism is partly carried hy an oscillating casing and 
the revolving member is turned from the armature shaft. 

The current generated in the coil is delivered to a metal ring on 
the ebonite spool from which il is taken hy a carhchi brusli and de- 
livered directly to the spark plug. Every time the contact points 
in tlie makc-and-break devices become separated, a current of high 
potential passes through the wire attached to the s})ark plug and 
produces a spark between the points. The magneto is the simplest 
and most practical form of ignition appliance as it is self-contained 
and includes the current generator and the timing device in one unit. 
In the one-cylinder form shown all connections are made inside of 
the device and but one wire leading to the spark plug is necessary to 
form the externah circuit. 

A magneto employed for multiple-cylinder ignition is not much 
more complicated than that used for single-cylinder service, the only 
difference being that a different form of cam is provide*d in the 
breaker box and that a secondary distributor is added to commutate 
the current to the plugs in the various cylinders. The distributor 
consists of a block of insulating material fixed to the magnets which 
carries as many segments as there are cylinders to be fired. A cen- 
tral. distriljuting arm or segment is driven from the armature shaft by 
means of gearing, and is employed to distribute the high-tension 
current to the spark plugs. The spacing of the distributor segments 
does not differ materially from that of the battery timers previously 
described. 

Various distributor forms used on magnetos are shown at Pig. 
193. That at A is employed for a double opposed cylinder motor and 
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the contacts are separated bj a space of 180 degrees. When a three^ 
cylinder engine is used^ as is sometimes the case in the two-cycle forms, 
the distributor segments are separated by distances of 120 degree. 



Fig. 193. — How Distributor Contacts are Spaced on Two-, Three-, Four- and :iix- 

Cylinder Magnetos. 


If the distributor is used on a four-cylinder motor the segments are 
spaced 90 degrees apart, as shown at C. To fire a six-cylinder motor, 
six segments must be used and they are placed 60 degrees apart, as 
indicated at D. 

The speed at which the armature of the magneto turns also varies 
with the number of cylinders. One- and two-cylinder forms turn at 
cam-shaft speed. The three-cylinder types when applied to a four- 
cycle engine turn at three quarters the crank-shaft speed. The four- 
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cylinder magneto armature is driven at crank-shaft speed, while that 
of the six-cylinder forms turn at one and one half times crank-sliaft 
spe^d. . When used on two-cycle motors, the speeds given for four- 
cycle engines of the same number of cylinders should be doubled. 

The important parts of a four-cylinder form of high-tension mag- 
neto are shown at Fig. 104, which is a view of a partially dismantled 
device. The armature assembly and one of the end i)lates by which 
it is supported are shown at the extreme left. Attached to the end of 
the armature shaft are the distributor drive pinion and the ebonite 
spool which carries the collector ring. Ilie timer case and interru])tcr 
assembly are sliown at the extreme right. Above it the distributor 
case is clearly depicted. AMieii the device is assembled the end of tlie 
armature shaft protrudes through the housing at the lower j^art of tlie 
magnet assembly which is sliowii hi tlie center of the grou]), Avitli 
the end plate which carries the distributor gear and disk and one 
end of the armature in place. The distributor g(‘ar serves to drive 
a hard rubber plate in which the distributor s(\gment is indxHldcd. 
When the distributor case is screwed in ])lacc, the carbon brushes, 
which are spac'ed around the interior of the distributor (*ase, collect 
current from the revolving distributor segment and lead it to the 
spark plugs by suitable cables which run from the terminals at the 
top of the distributor casing. 

Two systems of high-tension magneto ignition are used, one 
termed the true high-tension system, in which a (current of high po- 
tential is delivered directly from the armature ; the otlun- is the irans- 
foriner coil system, so termed liecausc the current ])i*oduced by the 
armature winding is of low tension and must be stejijied uyi or in- 
creased in value before it is delivered to the spark ]>lug by an induc- 
tion coil similar in construction to that needed in battery -ignition 
systems. In the former apparatus the high-tension current is pro- 
duced by means of a secondary winding on the armature itself, and as 
the whole apparatus is self-contained it is much more compact and 
simpler to install than those which need a separate transformer coil. 

The simplified wiring system of a true high-tension magneto is 
shown at Fig. 195. The armature carries two windings, one indicated 
by the heavier lines at the bottom called the primary”; the other, 
composed of finer conductor, is known as the secondary.” One end 
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Fig. 194.— Partially Dismantled Four-Cylinder Magneto, Showing Important Parts of Current-Producing and 

Distributing Elements. 
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of the primary winding is grounded, the other is joined to the fixed 
contact screw of the contact breaker. This end is also joined to one 
end of the secondary winding and tlie free end of the secondary wind- 
ing is attached to the collector ring carried by the ebonite spool. 
When the contact points separate, a current is induced in the primary 



Pig. 196. — Simple Wiring Scheme when Four-Cylinder Magneto is Utilized for 
Gas-Engine Ignition. Magneto Members Shown Separate to Facilitate 
Explanation of Principles of Operation. 


and secondary windings and is delivered to the center terminal of 
the distributor disk by the carbon biusJi which bears against the col- 
lector ring. 

The various segments of the distributor are connected to the 
spark plugs in the cylinders, and every time the contact points sep- 
arate a spark will be produced at one of the plugs because the revolv- 
ing distributor brush will be in contact with one of the distributor 
segments. A cross-section view of the Bosch high-tension magi\eto 
is shown at Fig. 196 and the important parts are clearly shown. As 
the internal connections are very similar to those shown diagrammati- 
cally at Pig. 195, the same description given of the course of current 
in the former applies equally well to the latter. 






Arrangement of Interruptor and Dietril^ntpr MeQhanisxsu 
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The wiring of a four-cylinder magneto which employs a trans- 
former coil is shown at Fig. 197. A set of batteries is provided to 
furnish current for starting, as it is sometimes difficult to turn the 
motor sufficiently fast by hand to generate tlie proper amount of 
magneto current to insure prompt starting. The high-tension wire 



Fig. 197. — Wiring Diagram Outlining Method of Combining Magneto and Trans- 
former Coil to Form Device for Four-Cylinder Ignition. 


from the spark coil or transformer is led to the center of the distribu- 
tor and the current is commutated to the plugs just as though the 
high-tension current had been produced in the magneto itself ini^ead 
of in the transformer. 

The Connecticut magneto, which is a transformer coil type, is 
shown in longitudinal section and end elevation at Fig. 198. In this. 
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the transformer coil is mounted between the magnets above the arma- 
ture tunnel and the secondary current is applied directly to tlie dis- 
tributing brush by means of a secondary collecting member which 
bears against a suitable terminal in the bottom of tlie coil casing. 
Witii this magneto the wiring is as simple as it would bo with the 
true high-tension form and only five wires arc needed in the external 



Fig. 199. — Showing Application of High-Tension Principle in K.W. Four-Cylinder 

Magneto. 


circuit. Of these, four secondary leads run direct from the distribu' 
tor to the plug while the remaining one is a primary ground wire 
having a switch in circuit through which the primary coil current 
may be grounded instead of going to the transformer coil, thus stop- 
ping the motor. 

All magnetos do not employ, a revolving winding. Some utilize 
a stationary coil of wire and use rotating inductor members to cause 
the lines of magnetic force to flow through the wire and generate a 
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Elements to Produce Current for Ignition. 
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current therein. A simplified wiring diagram of the K.W. magneto, 
which is an igniter of this type, is shown at Fig. 199, while a sectional 
view of the device itself is presented at Fig. 200. The stationary coil is 
composed of two windings,, a primary and a secondary, and is 
mounted in the center of the device so that tlie rotary inductor shaft 
passes through it, one inductor being placed at each side of the station- 
ary coil. The secondary wire passes through the insulated electrode 
through a bridge or strap member which is connected at one end to 
the spark gap and at the other to a bent conductor which conveys the 
current to a revolving distributor arm. 

When the contact points are separated by the cam a current of 
electricity is induced in the primary coil and transformed to a high- 
tension current in the secondary winding and is delivered to tlui sj)ark 
plugs by the conventional form of distributor. Except for the sta- 
tionary winding and the use of inductor i)ieces to reverses the linos 
of magnetism through the coil, the construction does not (litter from 
the forms previously described. It is advanced that the stationary 
winding offers some advantages inasmuch as brushes are not reipiired 
to collect the primary current. 

The function of the safety spark gap is to take (‘are of any excess 
current which might damage the insulation of the winding by alhnv- 
ing it to go to the ground. The air gap ])etwe(m tlie i)oiuts has high 
enough resistance so that the spark will not jump it under mornial 
conditions, but should the voltage become suddenly increased in value, 
as might be the case if one of the plug wires became discbniu'cted, 
it will leap this gap in preference to overcoming the resistance of the 
insulation of the winding. The pui^ose of the condenser in a mag- 
neto is the same as tliat used in a coil, i. e., it is inter])()sed in the 
primary circuit in such a way that it is in shunt connection with the 
contact-breaker points and absorbs any current wliicli would tend 
to produce excessive sparking. 

Application of Typical Magneto Forms. — Some of the leading 
forms of American magnetos are shown at Fig. 201. 'I'hat at A is 
the Heinze device and differs from the conventional form in that 
magnets of round section are used instead of tlie conventional horse- 
shoe magnets of rectangular cross section. Tlie form shown at B is 
the Kingston magneto, which is used in connection with a transformer 
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coil. Tlie Connecticut, which has been nreviouf^l^ shown in section 
at Fig. 198, is depicted at C. The double distributor form intended 
to be used in connection Avith two-spark ignition systems shown at D 
is a Splitdorf design and ’hould be used with a separate transformer 
coil. 



Fig. 201. — T 3 rpical American Magneto Forms. A — Heinze Machine with Round 
Section Field Magnets. B — ^Kingston Magneto for Dual Ignition. C — 
Clean-Cut Design of Connecticut Device. D — Splitdorf Double Distributor 
Form Designed for Two-Spark Ignition Systems. 

The usual method of installing a magneto is to place it on a 
bracket fastened to the engine base so the contact breaker and dis- 
tributor will be handy for immediate inspection or adjustment. It 





406 The Modern Gasoline Automobile 

is desirable to place the device on the inlet side of the engine and as 
far awaj from the exJiaust piping as possible because the cacoss Ijeat 
Tvliich exists at this point is liable to injure the insulation of the wind- 
ings. Methods of installation which are typical of conventional prac- 
tice are shown at Fig. 202. At A the magneto is placed on a (‘ast 



Fig. 202. — Conventional Methods of Placing and Driving Magneto Generators. 
A — System Used on Regal Engine. B — Magneto is Driven from Ptimp- 
Shaft Extension on Velie Motors. 


bracket formed integral with the top half of the engine base and is 
driven from the timing case at the front of the engine by a length 
of shaft. At B the magneto is also housed at the rear end and is 
carried on a base plate formed integrally with one of the crank-case 
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supporting arms. The drive i? liy an extc ision of the pump shaft, 
tliat inenilx'i* being driven by suitable gearing in the cam-shaft timing 
gear casing. 

Gear drive is the best method of driving a magneto armature and 
direcd spur-gear connection is betfe»* than either bevel or spiral gear 
trains because it is the ^'est wearing form of gearing. Silent chains 
may be used for driving if some form of adjustment is provided to 
oom])ensate for chain stretch. Wlien a magneto is driven by a shaft, 
as siiown at Fig. 202, A and F, it is customary to provide some sort 
of a universal joint or Oldliam coupling between the armature and 
the driving member in order that any ina('diracies in alignment of 
the driving shaft will not stress the ball bearings supporting the 
armatun*. It is desirable to protect the instrument from oil or 
water by placing it in a case of fiber or leather, and in modern types 
the contact Irreaker and distributor housings are closed by easily re- 
moved and yet pj*actieally dust-tight coverings. 

Metallic or carbon particles and dirty oil may cause internal short 
circuiting and it is desirable to have the contact-maker case and the 
distributor cover arranged in such a way that they may bo easily 
reached for cleaning. Modern magnetos are usually secured in some 
way that will permit a ready removal. In that showm at A, Fig. 
202. a nunibcu* of through bolts are screwed from the under side of 
the bracket into the magneto base and it is necessary to remove these 
before the magneto can be lifted off its support. The method 
shown at Fig. 202, B, is preferable as the ignition device may be re- 
moved from the base by slackening one nut on the hinge bolt which 
keeps the metallic strap tight, thus holding the magneto in place, 

Yarious other methods of utilizing strap members are -shown at 
Fig. 203. In that shown at A the strap is made in two pieces and is 
held together at the top by a clamp bolt. The method of securing a 
magneto, shown at B, is practically the same, except that the retention 
member is a small knob which can be easily turned by the hand. At 
C the strap encircles the magneto completely and is held in place 
by a single nut under the bracket. A modification of this method 
is depicted at D. The strap, in this instance, is just bent over the 
arch of the magnets and held in place by the long swinging bolt which 
is hinged at the bottom of the magneto. 
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One of the simplest methods of driving a magneto is that shown 
at Fig. 204;, which is a bottom view of tlie Ford engine (?ase. 7"he 
stationary coils of the magneto are attaclied to the crank case, and tlie 



Fig. 203. — Simple Methods of Holding Magnetos in Place on Engine Base to 
Permit of Easy Removal of Apparatus when Desired. 
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revolving magnets rotate with the tiy vrheel^ which in turn is securely 
attached to ibe crank nliaft. WiiJx +liis for^n of drive there can be 
no interruption in cuirrcnt generation and there are no gears, chains, 
or oilier eoniu^ctions to wear and produce noise or interfere with gen- 
eration of (airrent. 

\Adien the magneto was first introduced i!. was looked upon with 
sus])icion liy the motoring public. Therei'ui’e some designers compro- 



Fig. 204. — The Ford Magneto is Integral with Engine Base, and Revolving Mag- 
nets are Attached to Fly Wheel. Thus Direct Drive from Crank Shaft is 
Possible without Gears. 


xnise and furiiisli two separate sysiejns, one composed of a magneto, 
tlie other an auxiliary groujx comprising a battery, timer and coil, 
which supply tlie current to a set of spark plugs distinct from thos:. 
supplied from the magneto. It was found difficult with some types 
of magnetos to start the engine directly from magneto current so 
the battery outfit was depended upon for starting the engine as well 
as emergeney servicje. The parts of the modern high-tension mag- 
neto have been simplified and strengthened and as the various parts 
may be removed easily and replaced without trouble and special care 
taken so the adjustments and cleaning necessary may be easily under- 
stood by the layman there is very little liability at the present time 
of a magneto giving out without warning. 
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A typical magneto ignition system used in. connection with a 
batter}^ set is shown at Fig. 205. Six dry cells are used to supply the 
current and a conventional four-point timer commutates the battery 



Fig. 206. — ^Double Ignition System Utilizing Battery and Induction Coil Group 
for Starting and Emergency Service and Pittsfield High-Tension Magneto 
as the Main Ignition System. 


current to the four individual units of the coil box, which in turn 
delivers secondary current to the plugs. When the switch is thrown 
to one side the magneto system is utilized. When the contacts are 
reversed the battery system furnishes the ignition energy. The parts 
are shown arranged in diagram form so that the wiring may be 
easily followed and the relation of the various parts to each other 
definitely ascertained. The methods of wiring typical double systems 
are further exemplified by diagram shown at Fig. 206. 

Connections of parts comprising the Bosch dual ignition system 
are showm at Fig. 207. With this method but one set of spark 
plugs is needed as the secondary distributor of the magneto is utilized 
to distribute the high-tension current obtained either from the mag- 
neto armature or the battery and coil system. A separate timer is 
used to interrupt the battery current, and the coil carried on the dash 
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is of such a nature that depressing a hnttvOr will bring a vibrator in 
circuit and throw a constant stream of sparKS across the air gap of 
the spark plug in the cylinder aboi^t to r^re. Thjs will start the en- 
gine, if a four- or six-cylinder foru’, witliout cranking when condi- 
tions are favorable. Ordiriarilj' when running on the bf'ttery system 



Fig. 206. — Practical Application of Double Ignition System to Four-Cylinder 

Power Plant. 


the coil vibrator is not used, a single spark taking place between the 
points of the spark plug, The various connections are clearly showm 
in illustration and further description Avould be superfluous. 

When a magneto is installed some precautions are necessary re- 
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lating to wiring and also the character of the spark plugs employed. 
The conductor should be of good quality, have ample insulation and 
be well protected from accumulations of oil which would tend to 
degompose rubber insulation. It is customary io protect the wiring 
by running it through the conduits of fiber or metal tubing lined with 


Connections for the Bosch 
Dual Ignition 




Four combioed Cables fur MaK< 


J Thin red cable for short circultitiK teiniiunl. 
S Thick white cable ior hi<b teusion termloal. 
I Thick brawn cable for awtributor teriuinal. 


Single Counerttous: 


€ 1 and 5. To the terminala of the batterv, 
yConnertbin to the frame. 



Fig. 207. — Method of Applying Bosch Dual Ignition System to Coi^Wti^al 
Four-Cylinder Power Plant. 


insulating material. Multiple strand cables should he used for both 
primary and secondary wiring and the insulation should be of rubber 
at least inch thick. 

The spark plugs commonly used for battery and coil ignition can- 
not always be employed when a magneto is fitted. Tlie current pro- 
duced by the mechanical generator has a greater amperage and niore 
heat value than that obtained from transformer coils excited by baitcry 
current. The greater heat may burn or fuse tlie slender points used 
on some battery plugs and heavier electrodes are need (id to rqeist the 
lieatirig effect of the more intense arc. While the CTirrent has greater 
amperage it is not of as high potential or voltage as that commonly 
produced by the secondary winding of an induction coil, and it cannot 
overcome as much of a gap. Manufacturers of magneto plugs usually 
set the spark points about of an inch apart. The most efficient 
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magneto plug has a plurality of points so that when the distance be- 
tween one s(^t becomes too great Uie spark will take place between 
one of the otlier j)airs of electrodes which are not separated by so great 
an air space. 

Export motorists championed the cause of moclianicr^ generators 
of electricity some time Imt it is only witinn the past year or two 
tlint the public (hmiaiUi for {hose dovices impelled manufacturers of 
motor cars to supply them as regular equipment on their cars. 
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Reason for Lubrication of Mechanism — Lubricants and their Derivation — 
Methoils of Supplying Oil — Typical Lubrication Systems Outlined — Theory 
and Functions of Cooling Systems — Water- Cooling J^lethoils Explained- -- 
Elements of Simple Circulating System — Forced Circulation and Apparatus 
— Thermosyphon-Cooling Methods — Air-Cooling Systems. 

The imporiaiice of miniiniziug friction at tlie various bearing sur- 
faces of machines to secure mechanical elticieney is fully recognized 
by all mechanics, and proper lubricity of all parts of the nicchanisui 
is a very essential factor upon which tlie durability and successful 
operation of the motor car power plant depends. All of the moving 
members of the engine wiiicli are in contact with other portions, 
whether the motion is continuous or intermittent, of higli or low 
velocity or of rectilinear pr continued rotary natures, sliould be pro- 
vided with an adequate supply of oil. No otlier assemblage of mech- 
anism is operated under conditions which are so much to *ita, di^jad- 
vantage as tlie motor car, and the tendency is toward a simplification 
of oiling methods so that the supply will be ample and automatically 
applied to the points needing it. 

In all machinery in motion the members which are^ in contact 
have a tendency to stick to each other and the very minute projections 
which exist on even the smoothest of surfaces would have a tendency 
to cling or adhere to each other if the surfaces wore not kept apart by 
some elastic and unctuous substance. This will flow or spread out 
over the surfaces and smooth out the inequalities existing which tend 
to produce heat and retard motion of the pieces relative to each 
other. 

A general impression which obtains is that well machined sur- 
faces are smooth and while they are apparently free from roughness 
and no projections are visible to the naked eye, any smooth hearing 
surface, even if very carefully ground, will have a rough appearance 
if examined with a magnifying glass. An exaggerated condition to 
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illustrate this point is show-n at "Fig. ? 08 . The amoiint of friction 
will vary in proportion to the pressure on the surfaces in contact and 
will augment as the loads increase, the rougher surfaces will have 
more friction than smoother one^j and soft bodies will produce more 
friction tlian liard substances. 



Fig. 208.-“Showing Use of Magnifying Glass to Demonstrate that Apparently 
Smooth Metal Surfaces May Have Minute Irregularities which Produce 
Friction. 


Friction is always present in anv mechanism as a resisting force 
that tends to retard motion and bring all moving parts to a state of 
rest. The absorption of power by friction may be gauged by the 
amount of heat which exists at the bearing points. Friction of solids 
may be divided into two classes, sliding friction, such as exists be- 
tween the piston and cylinder, or the bearings of a gas engine and 
rolling friction, which is that present when the load is supported by 
ball or roller bearings or that which exists between the tires or the 
driving wheels and the road. Engineers endeavor to keep friction 
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losses as low as possible and much care is taken in all modern auto- 
mobiles to provide adequate methods of lubrication, or unti-friction 
bearings at all points wliere considerable friction exists. 

, Theory of Lubrication. — Tlie reason a lubricant is supplied to bear- 
ing points will be easily understood if one considers that these elastic 
substances flow between the close fitting surfaces, and by tilling up the 
minute depressions in the surfaces and covering the high s})ots act as 
a cushion which absorbs the lieat generated and takes the wear instead 
of the metallic bearing surface. The closer tlie parts fit together the 
more fluid the lubricant must be to pass between their surfaces and 
at the same time it must possess sufficient body so that it will not be 
entirely forced out by the pressure existing between the ])arts. 

Oils should have good adhesive, as well as cohesiv(‘, qualities. The 
former are necessary so that the oil film will cling well io tlu* surfaces 
of the bearings; the latter, so the oil particles will (ding together and 
resist the tendency to separation which exists all the time the learings 
are in operation. When usc^d for gas-(mgine lubrication the oil should 
be capable of withstanding consideral)le heat in order that it will not 
be vaporized ))y the hot portions of the cylinder. It should have suffi- 
cient cold test so that it will remain fluid and flow readily at low 
temperature. Lubricants should be free from acid, or alkalis, which 
tend to produce a chemical action with metals and result in corrosion 
of the parts to which they are applied. It is imperative that the oil 
be exactly the proper quality and nature for the purpose intended and 
that it be apj)licd in a positive manner. The requireiuents may be 
briefly summarized as follows : 

First — It must have sufficient body to prevent seizing of the 
parts to which it is ai)plied and between wffiich it is depended upon 
to maintain an elastic film, and yet it must not have too much viscos- 
ity in order to minimize the internal or fluid friction which exists 
between the particles of the lubricant itself. 

Second — The lubricant must not coagulate or gum, must not in- 
jure the parts to whicdi it is applied, either by chemical action or by 
producing injurious deposits, and it should not evaporate readily. 

Third — The character of the work will demand that the oil should 
not vaporize when heated or thicken to such a point that it will not. 
flow readily when cold. 
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Fourth — The oil must be free from aciu, alkalis, animal or vege^ 
table fillers, or oilier injurious agencies. 

Fifth — It must be carefully selected lor the vork required and 
should be a goovl coiiductoi o.** heat. 

Derivation of Lubricants. — The first oils Tvliidi were used for lubri- 
cating machinery were obtained from animal and vegetable sources, 
though at tlie present time most unguents are of mineral derivation. 
Lubricants may exist as fluids, semifluids, or solids. The \iscositY 
will vary from light spindU) or dynamo oils wliicli have but little 
more body than kerosene to the heaviest greases and tallows. The 
most common solid employed as a lubricant is grapliite, sometimes 
termed plumbago or black lead.*^ This substance is of mineral 
derivation. 

Tlie disadvantage of oil of organic origin, such as tliose obtained 
from animal fats or vegetable substances, is that they will absorb 
oxygen from ilie alniosjdiere which causes Ihom to thicken or become 
rancid. Such oils have a very poor cold test as they solidify at com- 
paratively high temperatures and their flashing point is so low that 
tlicy cannot he used at points where much lieat exists. In most ani- 
mal oils various acids are present in greater or less quantities, and 
for this reason tliey are not well adapted for lubricating metallic 
surfaces which may he raised high enough in temperature to cause 
decomposition of tlie oils. 

Jmhricants derived from tlie crude petroleum are called Oleo- 
na])thas and they are a product of the process of refining petroleum 
tlirough which gasoline and kerovsene are obtained. They are of 
lower cost tlian vegetable or animal oil and as they are of nonorganic 
origin they do not he('ome rancid or gummy by constant exposure to 
tlie air and they will have no corrosive action on metals because they 
contain no deleterious substances in chemical composition. By the 
process of fractional distillation mineral oils of all grades can be 
obtained. They have a lower cold and higher flash test and there is 
not the liability of spontaneous combustion that exists with animal 
oils. 

The organic oils are derived from fatty substances which are 
present in the bodies of all animals and in some portions of plants.. 
The general method of extracting oil from animal bodies is by a ren^ 
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dering process which consists of applying sufficient heat to liquefy 
the oil and then separating it from the tissue with which it is com- 
bined by compression. The only oil which is used to any extent in 
gas-engine lubrication that is not of mineral derivation is castor oil. 
This substance has been used on high-speed racing automobile engines 
and on aeroplane power plants. It is obtained from the seeds of tlie 
castor plant wliicli contain a large percentage of oil. 

Among the solid substances which may be used for lubricating 
purposes may be mentioned tallow, which is obtained fi*om the fat of 
animals, and graphite and soapstone, which are of mineral derivation. 
Tallow is never use<l at points where .it will be exposed to much 
heat, though it is often employed as a tiller for greases used in trans- 
mission gearing. Graphite is sometimes mixed with oil and a])plied 
to cylinder lubrication, tbougli it is most oftcm used in connection 
with greases in the running gear parts. Grapinte is not affected by 
heat, cold, acids, or alkalis and has a strong attraction for metal sur- 
faces. It mixes readily with oils and greases and increases their 
eflicicnc}^ in many applications. It is sometimes used where it would 
not be possible to use otlier lubricants because ot* extremes of tein])era- 
ture. Graphite can ])e ai)plicd to advantage to practically all portions 
of the motor-car mechanism. 

The oils used for cylinder lubrication arc obtained almost ex- 
clusively from crude petroleum derived from American wells. Special 
care must be taken in the selection of the crude material, as every 
variety will not yield oil of the proper quality to be used as a cylinder 
lubricant. The crude petroleum is distilled as rapidly as possible 
with tire heat to vaporize off the naphthas and the burning oils. After 
these vapors have been given off superheated steam is provided to 
assist in distilling. When enough of the light elements have been 
eliminated the residue is drawn off, passed through a strainer to free 
it from grit and earthy matters, and is afterwards cooled to separate 
the wax from it. This is the dark cylinder oil and is the grade 
usually used for steam-engine cylinders. 

The oil that is to be used in the gasoline engine must be of Ifigh 
quality and for that reason the best grades are distilled in a vacuum 
that the light distillates may be separated at much lower temperatures 
than ordinary conditions of distilling permit. If the degree of heat 



The Modern Gasoline Aulomobile 419 

is not high the product is not so apt to decompose and deposit carbon. 
If it is desired to remove the color of the oil which is caused by 
free carbon and other impurities it can be accomplished by filtering 
the oil through charcoal. The greater the number of times the oil is 
filtered, the lighter it will become in color. The best cylinder oils 
have flash points usually in excess of 500 degrees F. and while they 
have a liigh degree of viscosity at 100 degrees F. they become more 
fluid as the temperature increases. 

The lubricating oils obtained by refining crude petroleum may be 
divided into tliree classes: 

First — The natural oils of great body which arc j^repared for use 
))y allowing tlie crude material to settle in tanks at high temperature 
and from whicli the impurities arc removed by natural filtration. 
TJiCse oils are given the necessary body and are free from the volatile 
substances they contain by means of superheated steam which provides 
a s(»urce of heat. 

Second — Another grade of these natural oils which are filtered 
again at high temperatures and under pressure through beds of animal 
clian-oal to improve their color. 

Third — Pale, limpid oils, obtained by distillation and subsequent 
chemical treatment from the residuum i)roduced in refining petroleum 
to obtain tlic fuel oils. 

Authorities agree that any form of mixed oil in which animal and 
mineral lubricants are combined should never be used in the cylinder 
of a gas engine as tlie admixture of the lubricants does not prevent 
the decomposition of the organic oil into the glycerides and fatty 
acids peculiar to the fat used. In a gas-engine cylinder the flame 
tends to produce more or less charring. The deposits of carbon will 
be mucli greater with animal oils than with those derived from the 
petroleum l)ase because the constituents of a fat or tallow are not of 
the same volatile character as those which comprise the hydrocarbon 
oils which will evaporate or volatilize before they char in most in- 
stances. 

A suitable lubricant for gas-engine cylinders is a pure hydrocar- 
bon oil having a high vaporizing point, about 200 degrees F., a flash 
point of 430 degrees F., and a fire test of about 600 degrees F. It is 
fortunate that many brands of good oils may be obtained at the pres- 
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ent time and in this connection it is well to state that the best oil is 
none too good for the motor-car engine cylinders. There is an im- 
pression among many motorists of economical tendencies that any oil 
will answer and that the cheapest is obviously best because it costs 
less. A point that cannot be too strongly impressed upon all who 
have machinery of any description in their care is tliat efficient opera- 
tion can only be obtained 1)V selecting proper 1ul)ricant, and that high 
quality oils can only be obtained by paying for tliem. In this appli- 
cation the old adage, ^I'be best is the cheapest in the end/’ is par- 
ticularly a])ropos. 

Devices for Supplying Lubricant. — 1'he method of supplying tlie 
lubricant will depend largely upon the nature of the part to be oiled 
as well as the character of tiie oily medium. Tlie various parts of 
the internal combustion engine demand continued lu])ri(*ati()n and 
means must be provided which wdll insure positive su])ply of lubricant 
in measured quantities for inore or less extended periods. Engine 
lubricators should be positive in action and not liable to be affected 
by varying weather conditions. The lubricant should not be supplied 
in excess and in some systems it is desirable that the feeds be ad- 
justed as desired and independently of each other. 

Any oiling device should l)e as nearly automatic in action as pos- 
sible and the modern types require but little further attention from 
the motorist than to keep a proper amount of lubricant in the con- 
tainer. Tlie oil feed to the moving parts should start as soon as the 
engine begins to turn and the supply should lie interrupted when the 
mechanism stops. The only system which combines all the desirable 
features is that which includes a mechanical drive from the source 
of power. Lubricators may be divided into twm classes, those which 
depend upon natural phenomena such as the attraction of gravity or 
displacement by air pressure, and others wdiich are worked by mechan- 
ical means and which deliver the oil in measured quanlities by posi- 
tively driven pumps. 

The simplest form of lubricating appliance is that in which oil is 
carried in a tank or oil cup placed higlier than the points to which 
it is applied and then delivered to the bearing points in drops. A 
simple form of sight-feed gravity oiler is shown at Fig. 209, A. This 
device has a glass body so that the amount of oil at the disposal of 
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the motorist may be iostantiy noted and twr sight-feed gauges at the 
bottom which are connected to the points needing lubricant. The 
opening tlirough which the oil drips is regulated by an adjustable 
knurled screw wliicli turns a needle controlling the supply orifice. In 



Fig. 209. — Simple Gravity-Feed Oil Cups with Glass Body to Show Height of 
Lubricant in Container, and Sight Gauges to Give Visible Evidence of 
Amount of Oil Supplied. 


connection witli the adjustable feature a simple lever is usually pro- 
vided by wliich the needle may be raised from its seat and the oil 
allowed to flow into the sight-feed glass. 

In the device shown at A the shut-off lever, which is horizontally 
placed, allows the needle to seat against the opening in the bottom of 
the lubricator and the flow of oil is stopped. When placed vertically, 
as shown at the right, the needle is raised from its seat and the oil 
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may flow to tlie part with which the sight-feed glass is coupled. 
When more than two feeds are desired, the oil from the main con- 
tainer may drip into a manifold fitting which will have any desired 
number of siglit-fecd glasses and their individual connections. A 
gravity oiler having four sight-feed glasses is depicted at Fig. 201), B. 

A disadvantage of oilers which depend upon gravity is that great 
care must be exercised in selecting lubricant which will have the 
proper viscosity or body to flow under the specific conditions of oper- 
ation which may obtain at different times. For instance, during 
warm W’eather oil will flow readily and heavier bodied lubricants may 
be used without danger of clogging the^supply pipe or the oi)ening 
in the body of the oiler. When the weather becomes colder the 
oil may congeal and lighter fluid must be supplied to maintain an un- 
interrupted feed. Should the oil leads to the bearing become clogged 
by a particle of foreign matter the oil feed will be interrupted b(^- 
cause the weight of the oil is not sufficient to dislodge the ])article 
which hinders its flow. The result is that no oil reaches the bearing 
point and the part which needs the lubricant will be deprived of oil 
and cause trouble. 

With devices of this form it is necessary to frequently manipulate 
the adjustments. Every atmospheric change that (causes a difference 
of temperature must be reckoned witli, and if the oiler is adjusted 
during cold weather it will feed too fast wlien the temperature is 
higher. If the supply of oil is regulated during warm weather when 
the oil flows easily, as soon as the lubricant congeals it will not pass 
through the supply pipes so readily and the o]»ening must be in- 
creased in area to compensate for the greater viscosity of tlui lubri- 
cant. The gravity oiler is seldom used in modern automobiles and is 
only found on cars of early vintage wdiich are still in use in large 
numbers in some parts of the country. It is utilized to some extent 
in marine applications where it can he mounted very close to the 
engine and kept at a uniform temperature by the heat given off from 
the power plant. ^ 

llechanicaJ Oiling Methods Described. — The oiling systems of the 
late forms of motor cars depend upon some positive oil pump to main- 
tain circulation of the lubricant or to force it to the bearing point. 
Two forms of pumps are shown in section at Fig. 210. That at A is 
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a simple plunger pump in whicL the plunger ie operated by means of 
a cam driven by worm gearing from some suitable point on the power 
plant. When the j)uinp plunger is dra\>n out toward the end of the 
cylinder tlic su(*ti(>n lifts the inlet check \alve, which is a small steel 
bull, from its seat and the pump cylinder fills with oil On the down- 



Fig. 210. — Positive Mechanical Methods of Supplying Lubricant. A — Worm 
Gear Driven Plimger Pump Oiler. B — Gear Pump with High-Pressure 
Relief Valve. 


stroke of the puni]^ plunger ilie outlet cheek valve is unseated by tlie 
oil })ressure and tlu^ ]ul)ricant is cx])elled from the piini]) cylinder to 
the bearing point in a positive manner and under some degree of 
pressure. The stroke of tlie pump ])lunger may bo varied by a suit- 
able adjustiiKuit and the cjiiantity of oil directed to tlie bearing point 
will depend upon the stroke of the pump plunger. ^Most forms of 
the devi(‘e deserilied use a multiplicity of pum])s and individual leans 
to the different bearing ]^oiiits. TIu* arrangement is such that each 
bearing is served by its own pump member. 

In other systems a single pump of large capacity is used, this 
supplying oil to a manifold fitting from which it is distributed to the 
cylinders or to the engine base from widen it is picked up and 
splashed aliout hy fingers on the liottom of the connecting rods. An- 
other form of pump which is used more in maintaining circulation 
of oil in systems where distribution is by connecting rods than in 
individual supply systems is sliown at B. One of a pair of gears is 
driven by tlie engine and turns the other one so that the oil which 
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fills the pump body is entrapped in spaces between the teeth of the 
gears and forced along through the discharge pipe. The form of 
pump shown has a ball check valve which seats against an opening 
which communicates with the discharge pipe. Should there be an 
obstruction in the piping wliich will result in excessive pressure the 
relief valve will unseat and the pressure will be diminished by a quan- 
tity of the oil flowing back into the inlet end through the by-pass 
passage. 

Two methods of distributing oil in the interior of internal com- 
bustion engines are outlined at Fig. 211. That at A consisis in ])ro- 



Fig. 211. — How Oil May be Supplied to Interior Mechanism of Internal Com* 
bustion Motor. A — Oil Pick-up Finger on Connecting Rod End Dips into 
Lubricant and Splashes It Over Intenor Parts. B — Oil Drops into Channel 
in Horizontal Connecting Rod and Supplies Bearings and Cylinder. 

« 

viding an oil pick-up finger or splasher at the bottom of the connecting 
rod big end which dips into the lubricant carried in an oil trough 
directly under the connecting rod. As the crank shaft revolves in 
the direction of tlie arrow, a certain amount of lubricant will be 
picked up from the trough and as the speed increases the rapid move- 
ment of the pick-up finger through the oil will splash it around the 
interior of the motor base. The form of oil trough shown is that 
used on the Knight engines and it is supported at one end on a 
bearing rod which is interconnected with the throttle so that as flie 
gas supply is opened up to accelerate the engine, the oil trough is 
tilted in such a way that the proper quantity of lubricant will be 
supplied the cylinder. 
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A simple method which is“ applicable on engines having horizoii- 
tally disposed cylinders is outlined at Fiqf. 211, B. In this the oil ii 
a}>plied to a point about midway in tho c vlinder and in such a position 
that it is swept by the piston on its up or downstroke. When in the 
position sliown in tlie drawing the piston is traveling toward the open 
end of the cylinder, and until the oil hole is shut off by the w^all of 
tlie piston the hibricanl will drip directly into the bottom of a U, sec- 
tion coiineetirig rod. When the rod is at the angle shown the oil 
will flow^ to tlie crank-pin bearings. When tlie piston reaches a point 
in the cylinder so that the copper tube carried by it registers with the 
oil opening the stream of lubricant will pass througli the copper tube 
and onto tlie wuist pin. The cylinder w'all and other points which 
need oiling are kept covered with a film of oil derived from the 
spray or mist eoin])osed of finely divided particles of oil which is 
present in the crank case all times the engine is in operation. 

Oil Supply by Constant Level Splash System. — The splash system 
of lubrication that depends on the connecting rod to distribute the 
lubricant is one of the most successful and simplest forms if some 
means of maintaining a constant level is provided. If too much oil 
is supplied tlie surplus will w'ork past tlie piston rings and into the 
combustion chamber, where it will burn and cause carbon deposits. 
Too much oil wdll also cause an engine to smoke and an excess of 
lubricating oil is usually manifested by a bluisli-wdiite smoke issuing 
from the exhaust. 

A good method of maintaining a constant level of oil for the 
successful application of the splash system is showui at Fig. 212. The 
engine base casting includes a separate chamber which serves as an 
oil container and wdiich is below the level of oil in the crank case. 
The lubricant is diwn from the sump or oil container by means of 
a positive oil pump which discharges directly into the engine case. 
The level is maintained by an overflow pipe which allows all excess 
lubricant to flow back into tlie oil container at the bottom of the cyl- 
inder. Before passing into the pump. again the oil is strained or 
filtered by a screen of wdre gauze and all foreign matter removed. 
Owing to tlie rapid circulation of the oil it may be used over and 
over again for quite a period of time. The oil is introduced directly 
into the crank case by a breather pipe and the level is indicated by 
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Fig. 212. — Sectional View of Typical Motor Showing Parts Needing Lubrication 
and Method of Applying Oil by Constant Level Splash System. Note also 
Water Jacket and Spaces for Water Circulation. 
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a rod carried by a float which rises when the container is replenished 
and falls when the available supply dimii^ishes. 

The system depicted at Fig. 2x3 L- \ery similar to that previously 
described, except iliat the oil feed from flit, pump is first directed 
into an oil maiiirold pipe from which leads connect lo the vajrious 
main bearings of the engine. The oil drippiug from these journals 
collects in the crank ease until it reaches a certain level and then 



Fig. 213. — Sectional View of Part of Rutenber Engine Depicting Method of 
Driving Oil Pump and Distribution to Bearing Points. 


drains back into the sump or oil container through suitable overflow 
openings. The ends of the connecting rods are provided with scoops 
or oil piek-np members which splash the lubricant around the interior 
of the engine. The amount of oil available is shown by a float con- 
trolled indicator, as in the previously described system. The pump 
is driven from tlie cam shaft by means of a pair of spiral gears. 

It will be noted that witli such S 3 ^stem the only apparatus required 
besides the oil tank which is cast integral with the bottom of the 
crank case is a suitable pump to maintain circulation of oil. This 
member is always positively driven, either by means of chains and 
sprockets, shaft and universal coupling, or direct gearing. As the 
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pump is used to circulate oil but little wear will result during the life 
of the engine because all ])arts of the pump mechanism are operating 
in a constant bath of lubricant. The screens or filters are usually in- 



JFig. 214. — Oil Distributing System Employed on Stoddard-Dayton Motor Cars. 


* 

stalled at points which will permit them to be easily removed when 
-cleaning is necessary. 

The self-contained oiling systems of the constant level type greatly 
simplify the power plant and insure the economical use of lubricant. 
The proper level of oil is regulated at the factory by the position of 
the overflow pipes and it must remain in adjustment because there 
is no way of altering it on most motors. As the lubricating oil is 
carried in the bottom of the engine case it is heated up as soon as the 
-engine has been in operation for a few moments, and as the viscosity 
•of the lubricant cannot l)c altered by varying conditions of tempera- 
ture or climate the same grade of oil may be employed during the 
entire year. Other advantages are that the lubricating system is 
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entirely automatic in action, that it wiir tarnish a positive supply of 
oil at all desired points, and tliat it cannot be tampered with by the 
inexpert motorist because no adjusimcnts are prodded or needed. 

The constant level system may be modilied in a number of re- 
spects. Sometimes the oil is fed directly tu the crank case compart- 
ment and the connecting rods depended upon solely to distribute the* 
lubricant. In otlier systems, the oil delivered by the pump is con- 
veyed to a distributing inaniTold, as shown at Fig. 214. From this- 



Fig. 216. — Part Sectional View of Motor-Car Engine Showing Oil Distribution 
by Splashers at the Ends of the Connecting Rods, which Dip into Troughs 
Disposed Under Them. 

manifold member tlie oil is delivered to important bearing points, 
such as the main journals, and directly to the cylinder walls by small 
copper pipes before it is allowed to drain back into the crank case and 
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from this member overflow into the sump or container. In some sys- 
tems no separate oil container is cast with the crank case, this mem- 
ber being made deeper so that the oil level will be below the point 
where the connecting rods will pass through it. AVhen tliis practice 
is follWed small troughs are cast in the engine base into which the 
scoops on the connecting rod dip, as shown at Fig. 215. 

Distributing Lubricant by Pressure. — In some power plants it is 
considered desirable to supply the oil directly to the parts needing 



Fig. 216. — Method of Supplying Oil Under Pressure to Main Bearings, from 
which It is Directed to Connecting Rods by Passages Drilled in Crank Shaft. 


it by suitable leads instead of depending solely upon the distributing 
action of scoops on the connecting rod big ends. A system of this 
nature is shown at Fig. 21(). The oil is carried in tlie crank case as 
is common practice, but the normal oil level is below the point where 
it will be reached by the connecting rod. It is drawn from the crank 
case by a plunger pump wliich directs it to a manifold leading 
directly to conductors which supply the main journals. After the 
oil has been used on these points it drains back into the bottom of 
the crank case. An excess is provided which k supplied to the con- 
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nocting rod ends passages drilled iji'o the* '.robs of the crank 
sliaft and part way into the crank pins is shown b}" the dotted lines. 
The oil which is i)resent at the conn«icling rod crank pins is tliroivn 
off by centrifugal force and lubricates the cylinder walls and other 
internal parts. Small cups are cast at the upper end of the con- 
necting rods to collect oil, and suitable passages allow the lubricant 
to flow between the wrist })iri and wriyt-])in bus) ling. 

Indi\i(hial pump oilers arc not so widely used at the present time 
ns they have been in the jmst, but a numlier of designers still contend 
iliat these devices arc superior to the simpler splash systems because 
only clean oil is delivered to the bearing points and in measured 
quantities. It is contended that with splash systems the oil soon 
heeomes inijin'gnated with minute carhon ])articlcs and that it is not 
as suitable for lubricating purposes as the clean lubricant supplied 



Fig. 217. — Showing Application of Mechanical Oiler having Individual Pumps 
and Leads to Bearing Points in Connection with Sight-Feed Gauge on Dash. 


from the mechanical oiler. In most systems where a mechanical 
oiler is employed the sjdasli system is depended upon to a certain ex- 
tent as well, so that it is not readily apparent how the disadvantage 
cited can be applied in favor of the individual pump method of supply. 

A typical system using a mechanical oiler is outlined at Fig. 217. 
In this one main pump supplies a manifold fitting carried on the 
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dashboard from which the oil drips into sight gauges through needle- 
valve regulated orifices. A series of smaller individual pumps draw 
the oil from the sight-feed manifold and force it through pipes which 
communicate with the individual cylinders and with the front and 



Pig. 218. — Oil-Supply System Utilized on Knox Automobile Power Plants has 

Many Good Features. * 


rear crank case compartments respectively. Eegulating screws are 
provided so that the amount of oil supplied the different points may 
be regulated at will. A relief check valve is installed to take care of 
excess lubricant and to allow any oil that does not pass back into 
the individual pumps to overflow into the main container. 

Two typical systems in which the oil is first supplied to the main 
bearings and from thence to the connecting rods by means of passages 
in the crank shaft are shown at Figs. 218 and 219. The former is 
used on Knox motor cars and is shown graphically in a phantom 
view of the crank case in which the oil passages are made specially 
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prominent. The pil is taken from a reservoir at the bottom of the 
engine base by the usual form of gear oil pump and is supplied to a 
main feed manifold which extends the length of the crank case. 
Individual conductors lead to the live aaciin l)earings, which in turn 
supply the crank pins through passages drilled ilirough the crank-shaft 
web. In this power plant the connecting rods are hollow section 
bronze castings and the passage through tiie center of the connecting 
rod serves to convey the lubricant from the crank pins to the wrist 
pins. The cylinder walls are oiled by the spray of lubricant thrown 
off the revolving crank shaft by centrifugal three. 



Fig. 219. — Constant-Level Positive-Supply System Used in Columbia “ Mark 

86 ” Motor. 


The system outlined at Fig. 219 is similar in principle to that 
previously described. In this view the engine is shown in part sec- 
tion and as the oil delivery pipes and conduits are shown by heavy 
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black liaes it will not be difficult to follow the oil from the mimp at 
the bottom of tlie crank case tlirougli the oil pump and the leads to 
the main bearing and timing gear case. A sight gauge is shunted 
into the main circuit and is placed on the dash so the motorist may 
ascertain at any lime if the components of the oil system are function- 
ing properly. A iioat controlle<l level indicator is carried at the side 
of tlie crank case so that one may tell at a glance if tlicre is an adc- 
(/uhie supply of oil in the container. 

Wijr Cooling Systems Are Necessary. — The rauler si mu hi under- 
fttaud ixom preceding chapters that the power of an internal combus- 
tion motor is ohiained by the rapid combustion ami (onscqiKUjf ex- 
pansion of some inflammable gas. The operation in brief is that 
when air or any other gas or vapor is heated, it will expand and that 
if this gas is confined in a space which will not permit ex])ansion, 
pressure will be exerted against all sides of the containing cliamhcr. 
The more a gas is heated, the more pressure it will exert upon the 
walls of the combustion chamber it confines. Pressure in a gas may 
be created by increasing its temperature and inversely lieat may bo 
created by pressure. Wlien a gas is compressed its total volume is 
reduced and the temperature is augmented. 

The efficiency of any form of heat engine is determined by the 
power obtained from a certain fuel consumption. A del i nit e amount 
of energy will be liberated in the form of lieat when a pound of any 
fuel is burned. The efficiency of any heat engine is proportional to 
the power developed from a definite quantity of fuel with the least loss 
of thermal units. If the greater proportion of the lieat units derived 
by burning the explosive mixture could be utilized in doing useful 
work the efficiency of the gasoline engine would be greater than that 
of any other fonii of energizing power. There is a great loss of lioat 
from various causes, among which can be cited the reduction of pres- 
sure through cooling the motor and the loss of lieat tlirougli tlie ex- 
haust valves when the burned gases are expelled from tlie cylinder. 

The loss through the water jacket of the average automobile power 
plant is over 50% of the total fuel efficiency. This means that ipore 
than half of the heat units available for power are absorbed and dis- 
sipated by the cooling water. Another 16% is lost through the 
exhaust valve, and but 33 J% of the heat units do useful work. The 
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great loss of heat through the cooling systems cannot be avoided, 
as some method must be provided io keep the temperature of the 
engine within proper bounds. It is apparent that the rapid combus- 
tion and continued series of explosions would soon heat the metal por- 
tions of the engine to a red heat jf some means were not taken to 
conduct much of this heat away. The high temperature of the parts 
would burn the lubricating oil, even that of the best quality, and the 
piston and rings would ex})and to such a degree, especial!} vhen 
deprived of oil, that they would seize in the 'cylinder. Tliis would 
score the walls, and the friction which ensued would tend to bind the 
parts so tightly that the piston would stick, bearings would be burned 
out, the valves would warp, and the engine would soon become inop- 
erative. 

The best temperature to secure efficient operation is one on which 
considerable difference of opinion exists among engineers. The fact 
that the efficiency of an engine is dependent upon the ratio of heat 
converted into useful work compared to that generated by the explo- 
sion of the gas is an accepted fact. It is very important that the 
'engine should not got too hot, and at tlie other hand it is equally 
vital that the cylinder be not robbed of too much heat. The object 
of cylinder cooling is to keep the temperature of the cylinder below 
the danger point but at tlie same time to have it as high as possible 
to secure maximum power from the gas burned. 

Cooling Systems Generally Applied. — There are two general sys- 
tems of engine (*ooling in common use, that in which Avater is heated 
by tlie absorj)tion of heat from the engine and then cooled by air, and 
the other method in which the air is directed onto the cylinder and 
absorbs the heat directly instead of through the medium of water. 
When the liquid is employed in cooling it is circulated through jackets 
which surround the cylinder casting and the water may be kept in 
motion by two methods. The one generally favored is to use a posi- 
tive circulating pump of some form which is driven by the engine 
to keep the Avater in motion. The other system is to utilize a natural 
principle that heated water is lighter than cold liquid and that it will 
tend to rise to the top of the cylinder when it becomes heated to the 
proper temperature and cooled Avater takes its place at the bottom of 
the water jacket. 
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Air-cooling methods may be by radiation or convection. In the 
former case tiie effective outer surface of the cylinder is increased 
by tbe addition of flanges or spines cast thereon, and the air is de- 
pended on to rise from the cylinder as heated and be replaced by 
cooler air. When a positive air draught is directed against the 
cylinders by means of a fan, cooling is by convection and radiation 
both. Sometimes the air draught may be directed against the cyl- 
inder walls by some form of jacket which confines it to the heated 
portions of the cylinder. 

Cooling by Positive Water Circulation. — A typical water-cooling 
system in wliich a pump is depended *upon to promote circulation 
of the cooling liquid is shown at Fig. 220, and the components of such 
a group are shown separaiely so the construction may ])e more easily 
understood at Fig. 221. The radiator is carried at the front end of 



Fig. 220. — Components of Typical Motor-Car-Cooling Group Utilizing Pump to 
Maintain Circulation of Liquid. System Shown Used on Peerless Cars 
with Success. 


the car in most cases and serves as a combined water tank and 
cooler. ' It is composed of an upper and lower portion joined* to- 
gether by a series of pipes which. may be round and provided with a 
series of fins to radiate the heat, or which may be flat in order to have 
the water pass through in thin sheets and cool it more easily. Cellu- 
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lar or honeycomb coolers arc composed of a large number of bent 
tubes which will expose a large area of surface to the cooling influence 
of the air draught forced through the radiator either by the forward 
movement of the vehicle or by some lype of fan. The cellular and 
flat tube types have almost entirely displaced tlic flange tube radiators 
which were formerly popular because they cool the water more 
effectively, and may be made lighter than the tabular radiator could 
be for engines of ilie same capacity. 



Fig. 221. — ^Elements of Typical Cooling Group, Defining Construction of Cen- 
trifugal Pump, Cooling Fan and Cellular Cooler. 

The water is drawn from the lower header of the radiator by the 
pump and is forced through a manifold to the lower portion of the 
water Jackets of the cylinder. It becomes heated as it passes around 
the cylinder walls and combustion chambers and the hot water passes 
out of the top of the water Jacket to the upper portion of the radiator. 
Here it is divided in thin streams and directed against comparatively 
cool metal which abstracts the heat from the water. As it becomes 
cooler it falls to the bottom of the radiator because its weight increases 
as the temperature becomes lower. By the time it reaches the lower 
tank of the radiator it has been cooled sufficiently so that it may be 
again passed around the cylinders of the motor. In some cooling 
systems, especially those employing cellular type coolers, it is neces- 
sary to use a cooling fan to draw currents of air through the inter- 
stices of the cooler. 
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The pumps used differ in design. The form shown at Fig. 221 
and at Pig. 222 ^ A, is known as the centrifugal type because a 
rotary impeller of paddle-wheel form throws water which it receives 
at a central point toward tlie outside and thus causes it to maintain 
a definite rate of circulation. The pump may l)e a separate ap])liance, 



Fig. 222. — Two Forms of Water-Circulating Pumps Representing Current Prac- 
tice. A — Cooling Fan and Water Pump Driven from Common Source by 
Single Belt; Pump Impeller Placed Directly in Water Jacket. B — Gear 
Circulating Pump. 

as shown at Pigs. 220. and 221, or it may be incorporated in part of 
the water jacket, as depicted at Pig. 222, A. The centrifugal pump 
is not as positive as the gear form shown at Pig. 222, B, and some 
manufacturers prefer the latter because of the positive pumping 
features. They are very simple in form, consisting of a suitable cast 
body in which a j^air of spur ])inions having large teeth auc^ carried. 
One of these gears is driven by suitable means and as it turns the 
other member they maintain a flow of water through the central 
portion of the pump. The pump should always be installed in series 
with the water pipe which conveys the cool liquid from the lower 
compartment of the radiator to the coolest portion of the water jacket. 

Water Circulation by Natural System. — Some engineers contend 
that the rapid water circulation obtained by using a pump may cool 
the cylinders too much, and that the temperature of the engine may 
be reduced so much that the efficiency will be lessened. For this 
reason there is a growing tendency to use the natural method of water 
circulation as the cooling liquid is supplied to the cylinder jackets 
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just below tlie boiling poiii!, and the water issues from the jacket at’ 
the top of the cylinder after it has absorbec' suffk^ient heat to raise 
it just about to the boiling point. 

The cooling system depicted at Fig 223 is one that has demon- 
strated its worth conclusively in j>racticc and is somewhat simjiler 
than the forms in which a punip is used to maintain circulation. 
With this method^ tJie fac-l that water becomes lighter as its temperar 
ture becomes higher is taken advantage of in securing circulation 
around the cylinders. The top of the water jacket of the individu- 
ally (*ast cylinders is attaclvnl to the center of the radiator, while 



Fig. 223. — Water-Cooling Group Used on Maxwell Automobiles in which Water 
Circulation is Maintained by Nattiral Means. A — Side View of Power 
Plant Showing Application of Piping. B~Plan View Outlining Disposition 
of Parts. 

the i)ipe leading from the bottom of that member is connected to a 
manifold which supplies cool water to the bottom of the cylinder 
jackets. With such a system it is imperative that the radiator be 
carried at such a height that the cool water will flow to the water 
spaces around the cylinder by gravity. 

As the water becomes heated by contact with the hot cylinder and 
combustion-chamber walls it rises to the top of the water jackets, flows 
to the cooler, where enough of the heat is absorbed to cause it to 
become sensibly greater in weight. As the water becomes cooler, it 
falls to the bottom of the radiator and it is again supplied to the 
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water jacket. The circulation is entirely automatic and continues 
as long as there is a difference in temperature between the liquid in 
the water spaces of the engine and that in tlie cooler. The circula- 
tion becomes brisker as the engine becomes hotter and thus the tem- 
perature of the C 3 'linders is kept more nearly to a fixed point. With 
the therm osyplion system the cooling liquid is nearly always at its 
boiling point, whereas if the circulation is maintained by a pump 
the engine wdll become cooler at high speed and will heat up more 
at low speed. 

There are two methods of appl 3 -ing the thermosyphon system in 
a practical manner, the most common being that outlined at Fig. 223. 
Here the radiator is carried at the fremt end of the car and a fan 



Fig. 224. — ^Renault Thermosyphon System, in which Radiator is Placed in Back 
of Engine Instead of in Front, as is Conventional Practice. A — Showing 
Method of Utilizing Fan Fly Wheel to Insure Air Circulation Thrbugh Radia- 
tor. B— Plan View Depicting Flow of Air Currents Through Cooler. 

driven from the crank shaft by belt connection is used to draw the 
air through the radiator. The other system, which is illustrated at 
Fig. 224-, is one that was introduced on the llenault automoljile In 
this the radiator is mounted just forward of the dashboard instead 
of at the front of the frame. The air draught through the radiator is 
produced by the suction effect of a fan member which is incorporated 
with the fly wheel. 

When a radiator is mounted at the front end of a frame, it is one 
of the most vulnerable portions of the motor-car mechanism, and as 
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they are delicately constnw ied tliey may he easily damaged in collis- 
ion. When installed as shown at Fig. 224, tney are protected by the 
heavier eohstruction of the cylinders and other portions of the motor 
and are not liable to be damaged. Then again, as the fan is incorpo- 
rated with the fly wheel and driven directly by the crank shaft of the 
motor, there is no possibility ot failure of tins member, s’^ch as might 
be possible when it is driven by ii belt connection from the front end 
of the engine. 

With the ihermosyphon or natural system of coohng more water 
must be carried than with tlie pump maintained circulation methods. 



Fig. 225. — Showing Large Water Manifolds Designed to Secure Positive Circu- 
lation by Thermosyphon or Natural Methods. 


The water spaces around the cylinders should be larger, the inlet and 
discharge water manifolds should have greater capacity, and be free 
from sharp corners which might impede the flow. The radiator must 
also carry more water than the form used in connection with the 
pump because of the brisker pump circulation which maintains the 
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engine temperature to a lower point. The large piping which expe- 
rience has showTi necessary is clearly shown in views })reviously de- 
— scribed and in Fig, 225. 

I The form of fan which is gen- 

1 erally placed behind the radiator 

with either system of water cooh 
PanBiacle. whicli is oftcii iiscd in thc 

sini])le air-cooling systems as well, 
is shown in part section at Fig. 
22r), The hub is usually a cast- 
^ ^ aluminum member which has a 

series of projecting spokes to 
Ban ri which the fan blades are riveted. 

U 'i'lw' arc* incliiiod at ilio 

proper angle to draw air lli rough 
the radiator and force it to th(‘ r(‘ar 
I motor compartment. As a 

^ requires ])ut little j)Ower, tliey 

E^®F^pindie.|| " I are usually driven by small leather 

Fan Hub I belts 'ail d as they operate at speeds 

three hundred per cent 
^ Clamp greater than that of the motor- 

Vf -^Spoko. ^*r«nk abaft they are mounted on 

Adjustment. hearings in order that they 

_ may turn with as little frietion 

Fan Blade. possiUo. The fail spiiidle is 

usually supported hy some form of 
movable bracket which can he ad- 
I justed so that the fan holt may be 

I maintained at a constant degree 

Fig. 226.— Typical Ball-Bearing, Hub- tension. 

Cooling Fan Designed to Create Direct Air-Cooling Methods. — 
Air Draught Through Radiator and The earliest known method of cool- 

^ound Cylinders of Motor-Car jy^g cylinder of gas engines was 
Power Plant. ^ ^ xj?- 

by means oi a current of air passed 

through a jacket which confined it close to the cylinder walls and 
was used by Daimler on his first gas engine. The gasoline engine 
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Fig. 226. — Typical Ball-Bearing, Hub- 
Cooling Fan Designed to Create 
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of that time was not as efficient as +He later fora, and other condi- 
tions which materialized made it desirable to cool the engine by water. 
Even as gasoline engines became more and more perfected there has 
always existed a prcjiulice against air cooling, though many forms of 
engines have been used, bofh in stationary and automobile applications 
where the air-cooling rnetliod has proven to be very practical. 

The simplest system of air cooling is that in which the cylinders 
are provided witli a series rf flanges which increase the effective radi- 
ating surface of the cylinder and directing an air current from a 
fan against the flanges to absorb the lieat. This increase in the avail- 



Fig. 227. — Air-Cooling System Employed on Cameron Motors Depends Upon 
Air Draught from Fan to Circulate Around Flanges on Cylinders and Absorb 
Excess Heat. 


able radiating surface of an air-cooled cylinder is necessary because 
air does not absorb heat as readily as water and therefore more sur- 
face must be provided that the excess heat be absorbed sufficiently fast 
to prevent distortion of the cylinders. Air-cooling systems are based 
on a law formulated by Newton^ which is: The rate for cooling for 
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a body in a uniform current of air is directly proportional to tlie 
speed of the air current and the amount of radiating surface exposed 
to the cooling effect.” A simple four-cylinder power plant in which 
cooling is obtained by air blast against the flanges of the cylinders is 
depicted at Fig. 227 ^ and views of a cylinder and dctacliable liead 
c«nsi ruction also adapted to bo cooled by air are shown at Fig. 228. 



Fig. 228. — Parts of Air-Cooled Cylinder Showing Method of Seating Valves 
Directly in Detachable Cylinder Head, and Large Flanges on Both Cylinder 
and Head Member to Largely Increase Effective Radiating Surface. 


Tliere are certain considerations whicli must be taken into ac- 
count in designing an air-cooled engine, which are often overlooked 
in those forms cooled by water. Large valves must he })r()vi(led to 
insure rapid expulsion of the flaming exhaust gas and also to admit 
promptly the fresh cool mixture from the carburetor. Tlie valves of 
air-cooled engines are usually placed in the cylinder head, as^shown at 
Figs. 227 and 228, in order to eliminate any pockets or sharp pas- 
sages which would impede the flow of gas or retain some of the 
X)roducts of combustion and their heat. When high power is desired 
multiple-cylinder engines should be used, as tliere is a certain limit to 
the size of a su(‘cessful air-cooled cylinder. Much better results are 
secured from those having small cubical contents because the heat 
from small quantities of gas will be more quickly carried off than 
from greater amounts. All successful engines of the automobile type 
which have been air cooled have been of the multiple-cylinder type 
and the use of single cylinders is confined to power plants of less 
than five horse power such as used in motorcycle construction. 
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An air-cooled engine must be placed in a chassis in such a way 
that there will be a positive circulation of air around it all, the 
time that it is in operation. This air current may be produced by 
a fan at the front end of t? e inot ^r, by natural draught when a car 
is in motion, or by a suction m lilower fan in the ^ y wheel. Greater 
care is required in lubrication of tlie air-cooled cylinders and only the 
best quality of oil should be used to insure satisfactory oiling. 

The combustion chambers must be proportioned so that distribu- 
tion of metal is as uniforui as possible in order to prevent uneven 
expansion during increase in temperature and uneven contraction 
when th(‘ cylinder is cooled. It is essential that the inside walls of 
the combustion chamber be as smooth as possible because any sharp 
angle or projection may absorb sufficient heat to remain incandescent 
and cause trouble by igniting the mixture before tlic proper time. 
Tlie ])Ost grades of cast iron should be used in the cylinder and piston 
and the machine work must be done very ac(‘urately so the piston will 
operate with minimum friction in tlie cylinder. 

Utility of Auxiliary Exhaust Valves. — ^As an example of the care 
taken in disposing of the exhaust gases in order to obtain practical 
air cooling tlie illustration at Fig. 229 is presented. This is a sec- 
tion through the bottom of one of the Franklin power plants and 
sliovv^s the auxiliary exhaust valve which is furnished as an adjunct 
to the regular member in the cylinder head. The auxiliary exhaust 
valve opens just as soon as the full force of the explosion has been 
spent and tlie greater portion, or of the flaming gases is dis- 

charged through tlie port in the bottom of the cylinder. But 30% 
of the exhaust gases remain to be discharged through the regular 
exhaust member in the cylinder head and this will not heat the walls 
of the cylinder nearly as much as the larger quantity of hot gas would. 
That the auxiliary exhaust valve is of considerable value is conceded 
by many engineers unless exceptional care is taken in the method of 
cooling employed. The earlier Franklin engine, which used the auxil- 
iary exhaust valves, was cooled by an air blast from a fan at the 
front end which was directed against flanges applied to the cylinders, 
but on later models the auxiliary valve has been dispensed with be- 
cause the more positive system of cooling provided makes its use 
unnecessary. 
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One of the important considerations in connection with air cool- 
ing is that the air blast be confined as close to the cylinders as possible 
and a more energetic flow of air is needed than with water-cooling 


Coolinff Flanges. 



Fig. 229. — ^Depicting Section Through Power Section of One Type of Franklin 
Engine, Showing Application of Auxiliary Exhaust Valve to Relieve Cylinder 
of Flaming Gases at End of Power Stroke. 

systems. The form of fan shown at Fig. 226 and at Fig. 230, A, is 
considered entirely adequate for water-cooled engines, but engineers 
who favor air cooling at the present time use blower forms such as 
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shown at Fig. 230, E, wliuh will furnish larger quantities of air than 
the simple fan would and which also direct to the r*ylinders in a 
positive nuinner by enclosing them in air jackets whi*jh are attached 
to a manifold member to which the discharge opening of the blower 
is coupl(Hl. 

The disemssion of air cooling fo far has considered onV !he adapta- 
bility to the four-stroke motor and many believe that it is not possible 



Fig. 230. — ^Two Forms of Positive Air Fans Used in Automobile-Cooling Systems. 
A — Gear-Driven, Three-Blade Fan Utilized to Draw Air Through Winton 
Radiator. B — ^Blower Member Used on Kelly Air-Jacketed Cylinder 
Motor. 

to cool two-cycle engines by this method because the great heat gen- 
erated in engines of this type is thought to make the use of water 
cooling imperative. As the two-cycle motor has an explosion in 
each cylinder, every revolution of the crank shaft, and has no strokes 
devoted exclusively to scavenging, it is true the cylinder w^alls will 
heat up more. Several forms of two-cycle engines have been evolved, 
however, in which positive cooling has been obtained by providing the 
cylinders with cooling ribs. One of these, which is used in the Chase 
light truck, is depicted in section at Fig. 231. It will be nobed that 
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the exhaust ports are large and that the transfer port for the passage 
of the gas from the crank case to the cylinder is proportioned so that 



Fig. 231. — Sectional View of Chase 
Two-Cycle Engine, a Two-Stroke 
Form Successfully Cooled by Air 
Flanges Cast Integral with Cylinder. 

air currents pass over tlie flanges 


it will have a minimum resistance 
to the gas flow. 

Two engines of modern devel- 
opment which utilize positive air- 
cooling methods are shown at Figs. 
232 and 233. The system of cool- 
ing is practically the same in both 
instances;, except in the methods 
employed of creating the air blast. 
In* the Franklin s.ystem the cyl- 
inders are provided with vertical 
ribs, or flanges, and are encased 
by jackets which form part of 
a sheet-metal casing that covers 
the entire lower portion of the 
power plant. The fly wheel is 
provided with a series of curved 
blower blades and as it turns it 
creates a partial vacuum in the 
compartment formed by the mo- 
tor-base casing and the air-tiglit 
underpan. The strong suction 
created draws air in from the 
front end of the bonnet and down 
through the cylinder jackets. The 
at high velocity and as there is 


a large amount of exposed surface the excess heat is promptly dis- 


posed of and absorbed by the air passing around the cylinders which 


is ejected from the motor-base compartment by the action of the 


blower fly wheel. As the fan is part of the balance member and is 


driven direct from the engine crank shaft there can be no failure of 


the driving means and a positive air draught must be induced around 
the cylinders -as soon as the motor is started. The velocity of the air 


currents increase directly as the motor speed augments, and positive 
cooling is obtained under all conditions. 
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In the Frayer-ililler engine whieh is used in the Eelly trucks, && 
method of cooling is different in detail but pi*actically the same in 
principle as that previously described. An air blower is mounted at 
the front end of the motor and the strong current of air it produces 
is conveyed to an air pipe at the top of the cylinders, to which the 
jackets surrounding them are attached. The cylinder heads are pi^ 
vided with a series of vertical flanges, but the cylinder-wall area jis 



Fig. 232. — Positive Cooling Method Used on Franklin Automobiles in which Air 
Currents are Drawn Through Cylinder Jackets by Fly-wheel Fan Suction. 


increased by using a large number of vspines which are cast integral 
with the cylinder. The air blower forces a blast of air into the air 
pipe above the cylinders at considerable pressure, and the only way 
it can escape is by passing around the lieated portion of tlie cylinder 
before it is discliarged tlirough the bottom of the air jacket. As the 
blower speed increases witli engine speed the value of the air current 
becomes greater when an augmented cooling effect is desired. 

Among the advantages stated for air cooling the greatest is the 
elimination of cooling water, which is a factor of some moment. In 
the temperate zone, where the majority of automobiles are used, the 
weather conditions change in a very few months from the warm 
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•Plummer to the extreme cold winter, and when water-cooled systems 
are employed it is necessary to add some chemical substance to the 
water to prevent it from freezing. The substances commonly em- 
ployed are glycerine, wood alcohol, or a saturated solution of calcium 
chloride. Alcohol has the disadvantage in that it vaporizes readily 
and must be often renewed. Glycerine affects the rubber hose, wliile 
the calcium chloride solution crystallizes and deposits salt in the 
radiator and water pipes. 

Obviously the elimination of water and the use of air cooling will 
provide a system that will be fully as effective during the extreme 



Jig. 233. — ^Air-Jacketed Frayer-Miller Engine Used in Kelly Trucks Cooled by 
Air Currents Directed Over Cylin4er8 by Positive Air-Blower System. 


cold weather as it is during the' more favorable summer season. It 
would seem that air-cooling methods could be applied to advantage in 
commercial vehicle power plants which must be capable of efficient 
service under widely varying conditions. One of the disadvantages 
of an air-cooling method as stated by those who do not favor this 
system is that engines cooled by air cannot be operated for extended 
periods under overloads or at very high speed without heating up to 
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such a point that premature ignition of the charge may result. The^ 
water-cooling systems, at the othei Jiand, maiutain the temperature of 
the engine more nearly constant tlian is possible with an air-cooled 
motor, and an engine cooled by water tan };e operated under condi- 
tions of inferior lubrication or poor mixture adjustment that would 
seriously interfere with proper and efficient cooling b) air. 

Air-cooled motors, as a rule, use less fuel than water-cooled en- 
gines liecause the higher temperature of the cylinder does not permit 
of a full charge of gas being inspired on the intake stroke. As special 
care is needed in driving an air-cooled car to obtain satisfactory re- 
sults and because of the greater difficulty which obtains in providing 
proper lubrication and fuel mixtures which will not produce undue 
heating, the air-cooled system has but few adherents at the present 
time and practically all automobiles, Avitli but very few exceptions, 
are provided with water-cooled power plants. 
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Utilitj of Clutches and Genrseti^ Defined’— Why These Vital Components of 

— Cojiveiitiomil Forms of Cone Chitch jiiul their Practical Application — 
Chiirneterj^iics of Three- and Five-j)lat<» and Multij)lc-di*<k (^hitches — 
Function of Gearset — Types of Speed Chan^in^ Mechanism —The Fric- 
tion Transmission — Planetary and Inllividual Clutch I'ypes — Progressive 
and Selective Sliding Gearsets — Typical Speed Changing Mechanisms Out- 
lined, 

Oke of the important functions making for eflic'iont operation 
of the gasoline motor car is the method of ]>ower transmission em- 
ployed. While power plant eiheienev is an im])ortant factor and one 
that should he conserved to the utmost, it is well to remember that 
the actual power of ihe car is not the rated power of the engine but 
the amount of energy exerted at the point of contact between the 
traction members and the ground. A 60 H. P. car in whicli ‘there 
is a 30% loss in ]>ower transmission is not as efficient as a vehicle of 
but 45 n. I\’’ which delivers the })ower to the rear wlieels tvith 
but 10% loss, ITnder the conditions stated the rear w labels of the 
lower-powered car would actually receive more useful elTort than the 
driving members of the higli-pow^ered vehicle, and the energy is 
supplied witli less stress on the various parts and with a lower fuel 
consumi)tion. 

Tlie attention of mechanical engineers had been directed to the 
efficient transmission of power long before the motor car was com- 
mercially practical. As a result many ingenious systems whicli 
had been applied in standard mechanical work and for driving the 
machine tools of manufacturing establishments have been readapted 
for use in motor-ear propulsion. One who has studied the subject 
can easily trace the evolution from the crude forms of a decade ago 
to the perfected types used in modern automobiles. The problem of 
power transmission in motor cars was one that was not easily solved, 
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]B1g. 234.'~Plan of Compoilents of Power-Transmission System of Typical Gasoline Automobile, Depktii^ 
Relation of Clutches, Gearset and Driving Gears* 
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and much experimenting was necessary before the perfected forms of 
the present day were evolved. 

A typical power -transmission group such as employed in the 
modern gasoline automobile is depicted in Fig. 234. In this the 
power is applied to the crank shaft of the motor and from thence it 
is delivered to the motor fly wlieel which forms the female member 
of a friction clutch. The male member of the clutch is coupled to 
the change-speed gearing and this in turn is joined to the driving 
pinion in the rear axle by a length of shaft. Tlie driving pinion 
delivers its power to a bevel-driving gear which is carried by the 
differential casing in tlie rear axle housing. From the differential 
gear independent shafts or axles drive the rear wheel hubs. 

The function of the clutch is to permit the engine to be run in- 
dependently of the transmission gearing when desired. Tlie engine 
can drive the car only when one of the sets of gears in the gearset 
and the clutch are engaged simultaneously. For example, if the 
clutch is out or released, even if the gears Avere in mesh in the 
change-speed device, the rear wheels would not be turned until the 
clutch cone was allowed to .engage the female member formed in the 
fly-wheel rim. At the other hand, when the parts are as shown with 
the clutch in engagement and the speed gears out of mesh the engine 
can still be revolved without turning the rear wheels. 

Why Clutch Is Necessary. — In order to secure a better understand- 
ing of the general requirements of clutching devices it will be well 
to consider the conditions which make their use imperative when 
a motor car is propelled by a hydrocarbon motor. If a steam engine 
or an electric motor are installed as prime movers it is not necessary 
to include any clutching device or gearset between them and the 
driving ’wheels, and these members may be driven directly from 
the power plant if desired. With either of the forms mentioned 
the power is obtained from a separate source which may be uncoupled 
from the motor by the simple movement of a throttle valve or switCih 
lever. Steam and electric motors are also capable of delivering power 
in excess of their rating and are more flexible than internal conlbus- 
tion power plants. 

If steam is the motive agent it is generated and contained in a 
special device known as a boiler, and the amount of power delivered 
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by the engine to which the boiler is connoted, wijl vary with the * 
amount of steam admitted and tts pressure If tiie steam supply 
is interrupted entirely the engine and the car which it drives are 
brought to a stop. When it is desired to start again a simple moye-^ 
ment of the tlirottle-vah e lever will permit tlie steam to flow from 
the boiler to tlie engine cylinders again and the vehicle is easily set 
in motion. If it is desired to reverse thf^ car the steam flow is re- 
versed by a simple mechanical movement and the engine will run 
in the opposite direction to that which obtains when the car is driven 
in a forward direction. 

If an electric motor drives a vehicle the electrical energy is se- 
cured from a group of storage batteries. When these are fully 
cliarged varying amounts of electric current may be drawn from 
them and allowed to flow through the windings of the field or arma- 
ture of the motor and different ratios of po\ver or speed obtained. 
The vehicle is easily started by completing the circuit between the 
motor and the source of current and stopped by interrupting the sup- 
ply of electrical energy. As the flow of electricity can be reversed 
easily by a switch the car may be driven backward or forward at will^ 
and as the speed may be easily varied by changing the value of the 
current strength tliere is no need of speed changing or reversing gears. 

When a gasoline engine is fitted, conditions are radically different 
than with cither a steam or electric power plant. The power devel-^j 
oped depends upon the number of explosions per unit time and thej- 
energy augments directly as the number of explosions and revolutionsj 
of the crank shaft increase. It is not possible to start a gasoline' 
engine when under load because the power is obtained by the com- 
bustion of fuel directly in the cylinders, and as there is no exteriifel 
source of power to draw from it is obvious that the energy derived 
depends upon the rapidity with which the explosions follow each 
otlier. It has been demonstrated that a certain cycle of operation is 
necessary to secure gasoline-engine action^ and it is imperative that the 
engine revolves freely until it attains sufficient speed to supply the 
torque or power needed to overcome the resistance that tends to 
prevent motion of the car before it can be employed in driving the 
vehicle. 

Then, again, it is very desirable that the vehicle be started or 
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stopped independently of the engine. With a steam or electric motor 
the vehicle may be started just as soon as tlie driving power is ad- 
mitted to the prime mover, but with a gasoline engine it is customary 
to interpose some device between the engine and driving wheels 
which make it possible to couple the engine to the wheels or driving 
gearing and disconnect it at will. The simplest method of doing 
thie is by means of some form of clutching device which will lock 
the driving shaft to the crank shaft of the engine. 

Clutch Forms and Their Eequirements. — Clutch forms that have 
been applied to automobile propulsion are usually of the frictional 
tj^pe, though some have been devised whicli depend upon hydraulic, 
pneumatic, or magnetic energy. Those which utilize the driving 
properties of frictional adhesion are most common and have proven 
to be the most satisfactory in practical application. The most impor- 
tant requirement in considering clutch forms is that such devices 
must be capable of transmitting the maximum power of the engines to 
which they are fitted without any power loss due to slij)ping. Such a 
clutch must be easy to operate and but minimum exertion should be 
required of the operator. When the clutch takes hold the engine 
power sliould be transmitted to the gearset and driving means in 
a gradual and uniforrh manner, or the resulting shock may seriously 
injure the mechanism. When released it is imperative that the 
two portions of the clutch disengage positively so that there will be 
no continued rotation of the parts after the clutch is disengaged. 

The design should be carefully considered with a view of provid- 
ing as much friction surface as possible to prevent excessive slipping 
and loss of power. It is very desirable to have a clutch that will be 
absolutely silent whether engaged or disengaged. If the clutch parts 
are located in an accessible manner it may be easily removed for 
inspection, cleaning, or repairs. It is desirable that adjustment be 
provided, so a certain amount of wear can be compensated for with- 
out expensive replacement. , A simple, substantial design with but 
few operating parts is more to be desired than a more complex de- 
vice which may have a few minor advantages, but which is more Ijkely 
to cause trouble. 

The friction clutch in its various efficient types is the one that 
more nearly realizes the requirements of the ideal clutch. As a result 
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this form is now universally recognized by antcmoHe designers, and 
all standard gasoline automobiles utilize some foi^ of friction clutch- 
These devices are capable of transmitting an3' amount of power if 
properly proportioned, and permit of gradual engagement and positive 
disconnection. JViost friction ciutclies are tfim})le in form, easily iin- 
derstood, and may be kept in adjustment and icpair without difficujlty. 

How Friction Clutches Transmit Power. — To illustrate the trans- 
mission of power by the irictional adliesioii of substances with each 
other we can assume a simple case of two metal disks or plates in 
contact, the pressure existing between the surfaces being due to the 
weight of one member bearing upon the other. If the disks are not 
too heavy, it will be found comparatively easy to turn one upon the 
other, but if weights are added to the upper member a more decided 
resistance will be felt which will increase directly as the weight on 
the top disk and conso(|uently the pressure between the disks increases. 
It may be possible to add enough weight so it will be practically im- 
possible to move one ])late without turning the other. It is patent 
that if one of these plates was mounted rigidly on the engine shaft 
and one apjdied to the transmission shaft so that it had a certain 
amount of axial freerlorn and pressure of contact was maintained by 
a spring instead of weights, a combination capable of transmitting 
power would be o])tainGd. The spring pressure applied to one disk 
would force it against the otlier and one shaft could not turn without 
prodiuo'ng a corresponding movement of tlie other. 

Materials Employed to Increase Frictional Adhesion. — The main 
object of enginciTS in designing a clutch is to increase the amount of 
friction adhesion existing between the parts as imich as possible. The 
transmitting efTiciency of the clutch will vary with the coefficient of 
friction between tlie surfaces and the more the friction between them 
the more suitable tlie clutch will he for transmitting power. A metal 
usually forms oue frictional surface in all forms of clutches, and some 
types have been designed and used successfully in which all friction 
surfaces are metals. 

The materials of a metallic nature commonly used are cast iron, 
aluminum and bronze castings, and sheet steel and bronze, usually 
in the form of thin-stamped disks. The nonmetallic frictional ma- 
terials generally used are leather, asbestos fabrics, textile beltings. 
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and cork. Leatlier is tlie best lining or facing for clutches where 
the frictional area is large. When used it must be kept properly 
lubricated and soft, as if it becames dry it will engage very suddenly 
and clutch action will be harsh. At the other hand, care must be 
taken not to supply too much lubricant or tlie coollicient of friction 
will be reduced to a low point and the surfaces will slip. Oak-tanned 
•leather is generally used because it has good wearing qualities, is a 
very resilient material, and possesses a very satisfactory degree of 
frictional adhesion when pressed against a cast-iron member. As- 
bestos fabrics are l)cing a})plied in many forms of dry plate clutches 
and Ijave been used to some extent in faejng the male member of (*one 
clutches. Tliese are not as elastic as leather and unless some auxil- 
iary-relieving member is emplo3^ed they will grip suddenly and un- 
desirable harsh clutch action obtain. 

When cork is used it is inserted in the metal surface in suitable 
holes which are machined to receive the inserts. Cork ])ossesses pe- 
culiar qualities which make it very suitable for use in a elutcl). It 
lias perhaps the highest coefficient of friction of any of the materials 
employed, is not materially affected by either excessive lubrication 
or lack of it, and possesses very desirable wearing qualities. A clutch 
fitted with cork inserts will engage gradually and power will be trans- 
mitted to the rear wheels without shock or jar. It is the lightest and 
most elastic of the solids. In application cork must be used as an in- 
sert, because it is too brittle to be used in slieet form with any degree 
of success. 

When applied to a clutch the cork always works alone at low or 
medium pressures and at high pressures the otlier surfaces become 
engaged. This is given as the reason for the excellent wearing qual- 
ities of such combination surfaces, and when corks form a relatively 
large proportion of one of the contact surfaces they prevent cutting, 
no matter whether there is lubricant present or not, Then again, 
in the presence of a lubricant, which would obviously cause slippage 
between plain metallic or other surfaces, the corks so largely increase 
the total frictional adhesion that slippage is almost impossible. * 

Opinions vary among designers regarding the most suitable ma- 
terials to use, though the selection of friOtional material depends in 
most cases upon the type of clutch used. The large majority who 
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favor the cone dutch employ a leather and cast iron combination and in 
many cases cork inserts ai'e also employed. Metal to metal surfaces 
are the rule in multiple disk or plate clutches of small diameter, 
though as a general thing when a lesser number of plates of large 
diameter are used cork inserts or an asbestos fabric facing are invari- 
ably provided on one se^ of plates. 



Fig. 236. — Sectional View of Cone Clutch Having Female Member Formed In- 
tegral with Fly-Wheel Rim. 

Forms of Cone Clutches Outlined. — A simple and efficient form of 
cone clutch is shown at Fig. 235. This consists of three main parts, 
the female member, which is machined integral with the fly wheel, a 
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corresponding male member, which fits into it, and a spring to main^ 
tain contact between the surfaces. The fly wheel is attached to a flange 
forged integral with the end of the crank shaft by suitable screws. 
The^male member is a truncated cone of metal faced with leather. 
The female member may be nmcliiiied integi'al witli the fly wheel, as 
shown at Fig. 235, or it may be applied to' the fly-wheel rim by means 
of bolts, as outlined at Fig. 236. 

Experience has demonstrated that cast iron and Ic^atlier make a 
very good wearing combination, and the tendency to use cork inserts 
to prevent harsli engagement is growing at the present time. Plain 
metal-to-metal surfaces are not wSiiitabla with tin's form because they 
would grip too suddenly and would soon slij) if there was a thin 
film of oil between the surfaces. It will ])e noted that in either case 
frictional contact between the clutch cone and fly-wheel rim is main- 
tained by the use of a coil spring whicli is ))a(‘ked hy a ball-thrust 
bearing in order to relieve the operating rneclianism of any. torque 
strain when the cluleh is disengaged. 

In the cone clutch shown at Fig. 235, the male member is carried 
by a hub portion to which it is bolted, concentric with an annulus 
which bears on the crank-shaft extension. One end of the spring 
bears against the closed end of the annulus wliile the other end is 
hold by the ])all-tlinist washer and nut screwed on to the end of the 
crank shaft. The spring pressure in this case keeps the cone seated 
by pushing it directly toward the crank shaft. When it is desired 
to release the clutch the operating pedal is (le])ressed in suclj. a manner 
that it SAvings on the fulcrum point and moves the clutch cone and 
the annulus member by which it is su})])orte(l hack so the c'lutch cone 
is. pulled away from the fly wheel and the spring com])ressc(l. Some 
,form of Oldham coupling or sliding joint is carried l)y the gearset 
* driving member and is attached to the shaft extending from the gear 
case. When tlie spring pressure forces the clutch cone into engage- 
ment with the fly wheel, the assembly turns as a unit and the ge^- 
set is driven by the engine crank shaft through the medium of the 
clutch and the gearset driving member which is attached td the 
clutch cone. When the cone is. pulled away from the fly wheel the 
annulus which carries the gearset driving member remains stationary 
and the crank-shaft extension revolves in it. 
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The clutch ox^J:lined ai r^ig. 23 S diifers^ frctfn that previously abowu 
in that the cone is inverted ‘and the spring pressure is employed to 



Fig. 236. — Cone Clutch Design with Female Member a Separate Casting Bolted 

to Fly-Wheel Rim. 


push the cone away from the fly wheel to engage it. The cone is 
carried at one end of the transmission shaft and revolves idly when 
it is pushed toward the fly wJieel so that it is not in contact with, the 
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fem»le member. In the cone clutch previously described the female 
member was machined in the fly-wheel rim. In that outlined at 
Fig. 236 the female member is a separate casting bolted to the fly- 
wheel rim. 

Tj'pical designs of clutch cones and methods of fastening the 
friction facings to the cone castings are shown at Fig. 237. In 
that shown at A a combination of leatJier facing and cork inserts 
is employed. The leather is secured to the cast aluminum cone 
by means of rivets and the cork inserts are forced into recesses 
cast into the cone member. At B the practical method of retaining 
the leather facing employed on White automo})iles is illustrated. 



Pig. 237. — Tjrpical Cone Clutch Male Members, Showing Methods ot Attaching 
Leather Facing to Cone Casting. A — ^Pope-Hartford Clutch Cone Faced 
with Leather and Cork Inserts. B — ^White Cone Uses Leather Band Held in 
Place by T Bolts. 

When the leather facing is riveted to the cone rim considerable labor 
is involved in removing it after it has worn to such a point that re- 
placement is necessary because the large number of rivets must be 
driven out before the leather can be removed. The leather band 
which forms the friction facing of the cone at B is held by a number 
of T head bolts which pass through the cone rim and which seat into 
longitudinal grooves cast into the periphery of the cone member. 
These are of sufficient depth to prevent the heads of the bolts rub- 
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Ding against the female member of the clutch and only the leathet 
facing acts as a driving surface. Whe . ^ae leather becomes worn 
it is a comparatively simple matte'* to remo»^e the T holts and put a 
new leather band Li pla(e. 

On some cone? clutch(‘s of European design the endeavor has been 
made to use ineUil-to-metal surfaces by liouting the cone in an oil- 



Fig. 238. — Cone Clutches of English Design. A — Metal-to-Metal Surfaces in 
Oil-Tight Case. B — Method of Holding Parts in Contact with Adjustable 
Springs. 


tight casing so that it worked in a bath of lubricant. The lower co- 
efficient of friction existing between lubricated surfaces is compen- 
sated for by increasing the spring pressure. Such a clutcli is shown 
in section at Fig. 238, A. The clutch case is formed of two members, 
one of these being the fly wheel, which is attached to the crank-shaft 
flange by bolts, the other is a cast casing, which is bolted to the fly- 
wheel rim on its face. The clutch cone is attached to a sliding shaft 
which telescopes on to the projecting end of the crank-shaft extension 
and which slides through an oil-tight bearing carried by the clutch 
case which is bolted to the fly-wheel rim. The spring thrust is taken 
at one end by the clutch casing and bears against a ball-thrust 
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washer which seats against the flange to wjiich the clutch cone is 
attached. The female member is machined in the fly wlieel and does 
not differ from conventional forms. 

Another form of English derivation is shown at Fig. 238, B, this 
differing from those previously described only in the method of ap- 
plying the spring pressure. A three-arm spider carries three studs 
spaced ai 120 degrees which also pass through bosses on tlie clutch 
cone. The spider is kept in place by a ball-thrust bearing retained 
on the fly-wheel hub by a clamping nut screwed on a thread cut at 
the end of tlie fly-wheel-retaining member which serves to keep the 
fly wdieel in place, as well as forming a^ backing for the thrust bear- 
ing. The studs which project through the clutch cone have nuts 
threaded on the outer ends, and a spring is mounted outside of each 
clutch cone boss in such a w’ay that it presses against the nut on the 
end of the stud and presses the cone into engagement with the fly 
wheel. The drive is interrupted by pulling the cone out of engage- 
ment in the usual manner.* 

One of the disadvantages of the cone clutch, unless it is exception- 
ally well designed, is that it is likely to engage harshly if the leather 
facing becomes charred or hard from any other cause. When cork 
inserts are used in connection witli the leather, a more graihial en- 
gagement is secured, even when the leather is dry, tlian would be 
possible without their use. Some designers have sought to secure 
easy engagement by using a number of auxiliary friction pads at- 
tached to the cone periphery, while others have been satisfied to use 
springs under the clutch leather which would raise it at a number of 
points around the periphery of the clutch cone. The object of this 
is to have a limited area of the leather surface engage the female 
member before the full spring pressure is exerted to bring the entire 
frictional surface in contact. 

The clutch shown at Fig. 239, which has been used on Columbia 
automobiles, is a conical type having a number of auxiliary friction 
pads extending through the periphery of the cone and projecting 
slightly above its surface. These are kept in place by auxiliary 
springs of the coil type. Wlien the clutch cone is first engaged these 
friction shoes will engage the surface of the female member at a 
number of points and then when full spring pressure is exerted it 
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mil overcome the resist^xce of the small radial sprijigs and the frjc- ? 
tion blocks will be depressed so they will be ftush with the surface 
of the male member which then takes the drive. 

The cone clutcli is one of the most popular forms and has received; 
general application, and'' its simple construction enables the motorist 
to easily understand its action. As there are but few ^>artF there is 
but little liability of the cone clutch giving trouble if the leither 



Fig. 239. — Columbia Clutch Employs Friction Shoes to Grip Fly Wheel Before 
Cone is Fully Engaged, to Seciure Gradual Application of Power. 


surface is kept in proper condition. The chief disadvantage advanced 
against cone clutclies is that they are more bulky than other forms 
of equal capacity. The large size of the members of a cone clutch 
tend to make it spin after it is disengaged. The natural tendency 
of a body in motion is to continue in motion until stopped by some 
external force, which property is known as ^Mnertia,” 

If two wheek of the same weight are set in motion by the expen^ 
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ditare of equal amounts of energy the one that lias the weight carried 
nearer the rim or which is larger in diameter will revoJve the longest 
The male member of a cone clutch, when released, will have a ten- 
dency to continue to revolve even when the driving pressure is re- 
lieved* When sliding gearsets are employed to obtain the various 
speed ratios it is imperative that the engine he entirely disconnected 
from the main shaft of the change-speed gearing before any attempt 
is made to shift the gears. If the sliding members are moved without 
first disconnecting the shafts from the engine it would be very diffi- 
cult to engage them and it might result in stripping the teeth from 
the gears. 

The average cone clutch is of large diameter if much jiower is to 
be transmitted because the two surfaces in contact are comparatively 
narrow. When the clutch is released considerable energy has been 
stored in the rim of the cone and its tendency is to keep revolving 
and carry the shaft of the gearset to which it is attached at tlie 
same speed. In some cases it is difficult to shift the gears until the 
motion of the shaft ceases and it is either necessary to wait until 
the momentum of the clutch cone becomes less or to apply some form 
of brake which will stop the cone from rotating. Such brakes are 
usually interconnected with the foot pedal and act only when the 
clutch is fully disengaged. 

Cone-clutch efficiency depends on a number of factors, chief 
among which is the angle of the cone. The greater the angle the 
more spring pressure required because the wedging effect of a large 
angle is not as pronounced as when more gradual tapers are employed. 
Most cone clutches have the cone tapering at an angle of 12^ degrees 
and is not considered' good design to use a lesser angle because the 
wedging effect may make it extremely difficult to release the clutch. 
At the other hand, angles much greater than 15 degrees make it 
necessary to use excessive spring pressure to maintain proper frictional 
adhesion between the parts. 

Three- and Pive-Plate Clutches. — A number of cars are provided 
with clutches composed of three or more plates of large diameter 
instead of the use of two cone members. It is claimed that these 
forms make for very easy engagement and that they will give a very 
prompt releasing action when the surfaces are separated. The usual 
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construction is to use two Ari\ing members A^hich t re carried arotmd 
by the £y wheel which clamp against a cem^al^driven member wbidi 
drives tlie gearset shaft. These clutches are very eifeetive, but one 
of the chief disadvantages is the same as that advanced against the 
cone clut(*h and that is the inertia of the diiven member when re- 
leased. Wlien these clutches are fitted it i« desiraKe chat they be 
provided with some form of a brake to bring ihem to a stop as soon 
as disengaged. 



Fig. 240. — Three*Plate Clutch Utilized on Knox Motor Cars Uses a Central Driven 
Plate Studded with Cork Inserts. 


A three-plate clutch which has been used successfully on Knox 
automobiles is shown at Fig. 240. In this constniction the clutch 
springs are spaced at equal distances around the periphery of the fly 
wheel and bear against a pressure plate which is carried around by 
studs placed just outside the springs. Two driving plates are provided 
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ipiilte clamp a siiigle-driven member attached to a revolving sleeve 
to which the gearset driving shaft is keyed. The pressure of the 
agjrings agiimi the pressure plate holds the driven plate iirmly against 
ttie ^outside driving plate. When it is desired to release the eluich 
the pedal is depressed and it pushes the clutch throw-out levers touard 
the fly wheel so the clutch spring throw-out studs push the pressure 
plate awav from the driven plate and allow it to revolve independent 
of the clutch. The clutch throw-out studs perforin a doul)]e duty in 
that they also act as driving members for the two driving plates. 
The driven plate is provided witli a large number of cork inserts to 
increase its frictional adliesion. 



Fig. 241. — Three-Plate Clutch Equipped with Friction Brake to Arrest Motion 
of Driven Member when Clutch is Released. 


Another form of three-plate clutch in which there are two driven 
plates and one driving member is shown at Fig. 241. l^’he driving 
plate is carried around by a number of studs spaced around the fly- 
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wheel-rim face. The driven member nearest the fly 

miTiiber of arms io which small ^3ell era: ks are fulcrumeS; These 



Fig. 242. — Five-Plate Clutch which Employs Two Driving Members Attached 
to Fly Wheel and Three Driven Plates. 


arms also act as a support for the outer driven plate. The clutcll.f 
spring hears against a sliding member which forces the ends qf tloye/; 
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bell crank to which it is connected by a series of toggle links dut- 
wardly, and clamps the driving plate firmly between the inner and 
outer driven plates. When the clutch spring is depressed the bell 
cranks drop back and the pressure between the driving plate and 
the feces of the driven members is relieved. When this condition 
exists the driving plate turns with the fly wheel but does not pro- 
duce movement of the driven memlx^rs to which the gearset shaft is 
attached by a semiuniversal driving coupling. When the clutch 
throw-out lever is moved away from the fly wheel to release the clutch 
it brings a small brake pad in contact with a drum carried by the 
driven member and stops its rotation. When the parts are as shown 
in illustration, the driving plate is firmly clamped between the driven 
members and the powder of the engine is being transmitted directly to 
the gearset shaft. 

In order to obtain more driving surface some designers have 
used five plates instead of three. A five-plate clutch which operates 
on the same general principle as the three-plate type previously de- 
scribed is shown at Fig. 242. In this, two driving plates are carried 
by studs set into the fly-wheel face and the three driven members are 
kept in engagement by means of bell cranks and toggle-link action. 
The reason that five disks are used instead of three is that the aug- 
mented surface makes it possible to reduce the spring pressure to 
some extent and makes for easier operation when it is desired to dis- 
engage the clutch. When the driving contact between the clutch 
plates is interrupted the member to which the gearset shaft is 
attached is kept stationary and the fly-wheel hub and crank-shaft 
extension revolve freely because anti-friction bearings of the ball type 
are interposed between the members. 

Features of Multiple-Disk Clutches. — Power transmission by plates 
is sometimes accomplished by using a large number of small diameter 
disks instead of the smaller number of large plates. The multiple- 
disk type offers several advantages not found in other forms, as it is 
the most compact form of clutch. The required contact area is ob- 
tained by using a multiplicity of comparatively small surfaces* in 
preference to two large ones as is the case with the cone clutch or 
the greater number possible when three- or five-plate clutches are 
employed. 
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The type of multiple disk clutch that seems to be most widely 
employed consists of a number of soft stecj disks which sometimes 
alteruate with others of different material such as phosphor bronze. 
One set of these disks is driven by the engiiio while the remaining 
plates are attached to a floating member to which the transmission 
shaft is joined. J'ressure is usually obtained from a coii spring 
which a(“ts against one of the disks, which iii turn acts upon the 
neigh])oring one. It is common practice to house a clutch of this 
tyiie in an oil-light case, wiiicl' insures that ilie memliers will always 
be kept in an oil batli. Oil performs the dual function of securing 
<*asy cjigageinent by interposing a cushion between the metal elements 
and also to prevent wear because of its value as a lubricant. 

As multiple-disk clutches arc usually of small diameter, tlie inertia 
of tlie driven memIxT is small compared to tliat of a cone or large 
plate ty])e, and the sjiinning tendency is reduced. The spring pres- 
sure is usually sutlicieiit to squeeze the oil from the plate as soon as 
engagement is fully made and a metal to metal contact then obtains. 
Tlie fact that tlie lubricant is gradually forced out and that there 
will bo a certain amount of slipjiing as long as any of the lubricant 
remains means that the power will be applied in a gradual manner 
even if the clutch is carelessly operated. 

AVliilo a multi])le-(lisk clutch does not have a tendency to spin 
because of inertia, the plates may sometimes refuse to disengage be- 
cause of a partial vatamm existing between tliem, produced wlien the 
oil film was forced out. This sonictinies causes the plates to adhere 
together. This troulile is rare in well-designed clutches and is sel- 
dom present unless poor lubricating oil is used between the plate-s. 
This drag and conseqmuit trouble in shifting gears is more apt tc 
occur on forms whicli employ flat-stamped plates wuihout spring 
tongues to s('j)nratc them when the spring pressure is relieved. Mul- 
tiple-disk clutches are sometimes provided with plates having cork 
inserts, while others have a number of the disks faced with some 
friction material such as the asbestos-wire fabric and are designed 
to run dry instead of in an oil hath. 

A typical multiple-disk clutch is shown at Fig. 243. In this 
member the clutch case is cast integral with the fly wheel and forms 
the fly-wheel hub. A series of disks are carried by a driving drum 
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and are kept in engagement with those carried around by the fly 
wheel by means of pressure derived from a coil spring which is let 
into a bored-out recess at the end of the crank shaft. The clutch 
depleted is intended to run in oil and a number of the plates are 



Fig. 243.— Typical Multiple-Disk Clutch Assembly. The Form niustrated is 
Used on Some of the Hudson Cars. 


provided with cork inserts. The , multiple-disk clutch depicted at 
Fig. 244 is that used on Franklin cars, and is a form in which all 
metal plates running in oil are used. That depicted at Fig. 245 







Thrust Bearing. 


Fig. 244. — Multiple-Disk Clutch Utilized on Franklin Automobiles is Housed in 
Blower Fly Wheel. Parts are Shown Separated to Make Construction 
Clear. 


Plate with Cork Inserts. 



Fig. 245. — Clutch of Premier Cars Uses Mul^ple Disk Studded with Cork In- 
serts as Driving Members, and Plain Metid Plates as Driven Elements. 
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useS on ’P]|%mier cars and one set of plates is provided with a large 
number of cork inserts to promote easy engagement^ positive drive, and 
prompt release* 

. While the clutch forms described are the most common, a few 
cars have been provided with internal expanding band clutches or 
external constricting band forms. The internal member consists of 
a steel t>and or shoe faced with leather or other frictional material 
or pfovided with cork inserts which expands against the inner periph- 
ery of a drum integral with the fly wheel. The band is expanded 
by spring presf^ure which spreads the driven member either by toggle 
linkage or a right and left hand quick-acting screw. 

Planetary gcarsets employ external *001181 ricting hands to stop 
rotation of the gear drums, but these should properly be considered 
under the head of brakes rather than clutches. The disadvantage of 
either internal or external band clutches is that they are very Jiard 
forms to balance and the internal expanding band is especially sus- 
ceptible to the influence of .wear and oil l)etween the surfaces. The 
external band provides a very gradual clutching action, but owing to 
the difficulty in balancing it because of the unsymmetrical operating 
mechanism usually employed^ it has not been used to any extent in 
this country. With the forms described no difficulties are present 
as relates to balancing, and as the band forms have no apparent ad- 
vantages when compared to the better developed cone and plate types 
there seems to be no reason for further development of forms which 
are good in theory but hard to apply in a practical manner. 

Why Change-Speed Gearing is Necessary. — Those who are* familiar 
with steam or electricity as sources of poiver for motor vehicles 
may not understand the necessity for the change-speed gearing which 
is such an essential component of the automobile propelled by in- 
ternal combustion motors. In explaining the reason for the use of 
the clutch it has been demonstrated that steam or electric motors 
were very flexible and that their speed and consequently the power 
derived from them could be varied directly by regulating the amount 
of energy supplied from the steam boiler or the electric battery, 
as the case might be. 

If, for example, we compare the steam motor with the explosive 
engine it will be evident that the power is produced in the former 
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by the pressure of steam admitted to the , cylinders as well ^ tbe 
quantity and the speed of rotation. Whcr the engine is mnning 
slowly and a certain amount of power is needed more steam can be 
supplied the cylinders and praeticall} the same power obtained 
though the steam pressure a as reduced and the engine speej^ in- 
creased. The interna] combustion motor is dexible to a certain! de- 
gree, providing that it is operating under conditions which are 
favorable to accelerating the motor speed by admitting more ^s to 
tlie cylinders. There is an arbitrary limit, however, to the power 
capacity or tlie mean effective pressure of the explosion, and beyond 
a certain point it is not possible to increase the power by supplying 
vapor having a liigher pressure as is possible with a steam engine. 

In an explosive motor we can increase the power after the maxi-j' 
mum throttle opening has been reached only by augmenting the-j 
number of revolutions. Wliereas it is possible to gear a steam engine 
or an electric motor dirccily to the driving wheels, it is not possible 
to do this with a gasoline engine, and some form of gearing must be 
introduced between the motor and the driving wheels in order that 
the speed of one relative to the other may be changed as desired and 
the engine crank shaft turned at speeds best adapted to produce the 
power required, and to allow the rear wlieels to turn at speeds dictated 
by the condition of the roads or the gradients on which the car is 
operated. 

It is customary in all automobiles of the gasoline-burning type, 
where combustion takes place directly in the cylinders, to interpose 
change-speed gearing which will give two or more ratios of speed 
between tlie engine and the road wheels. As it is not possible to 
reverse the automobile engine utilized in conventional cars, it is neces- 
sary to add a set of gears to the gearset to give the wheels a reverse 
motion when it is desired to back the conveyance. 

Many methods of varying the ratio of speed between the engine 
and traction members have been evolved, but few speed-changing 
mechanisms have survived. At the present time the majority of 
automobile makers employ sliding gear transmissions which are al- 
most invariably of the selective type. One or two cars are fitted with 
simple face friction gearing and a limited number provide two for- 
ward speeds and a reverse motion by using planetary gearing. 
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s. ' ' At one the recent automobile shows held at New York, 385 
Ifcodels of cars were exhibited, and of this number but a very small 
^^rcentage used change-speed gearing that differed radically from 
standard practice. Of this number 347 models were equipped with 
selective sliding gear transmissions and six cars used progressive slid- 
ing gearing. Thirteen models utilized planetary transmissions and 
friction change-speed gearing was supplied in nineteen instances. 
While the sliding gear form of transmission is without douljt the most 
uhmechanical and brutal of all speed gearings if considered from a 
purely theoretical viewpoint, the very satisfactory service which is 
secured in actual use justifies its general application, especially at the 
present time when engineers are so thoroughly conversant with details 
of design and motor-car drivers have been so well trained to operate 
gears of this character with proper care. 

Face Friction Gearing. — A form of gearing that has many ad- 
herents because of its simple design and easy operation employs two 
friction disks which are held together by sufficient pressure to cause 



Fig. 246. — Outlming Action of Simple Face Friction Gearing, which Combines 
Clutching and Speed-Changing Fimctions. 

die of these members to turn the other. This was one of the earliest 
forms of gearing used, and while it was abandoned for a time because 
of defects of a purely technical nature continual experiments made^ 
possible a combination of materials which gave satisfactory results 
in practice. ♦ 

The rolling traction, or friction transmission, as it is commonly 
called in its simplest form, is shown at Fig. ^46, A. It consists of 
two disks or plates, one faced with an aluminum-copper alloy driven 
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by the engine and a whet^l wImcJi is provided with a strawboai^ 
fil)er driving ring mounted (.11 u cross diaft at right angles to tha 
crank shaft <>i the powei* plant. T) e (tosh sliaft is jourpalcfl in anti- 
fri(‘lion ])carinfc*< jukI the drnm disk or plate can be liioxed rxially 
so us to en;:?ag(‘ with d.lf<nciit ?>ortions ol* Mie HiUrninum thriving disk. 
Tlie drivinic rneinbcr is jimiu, 1(h 1 on a sliding shaft which can be 
imncd toward the driven lueinher and lield in contact by a definite 
atnonnl of }>ressure or ])u]lc(l a\\a\ wlicn it is desired lo Interrupt 
file dri\e. In this nianij(*r both clutching and M)eed-e]janging func- 
tions are coi»ihin(‘d in one simple meeliaiiisni. 

The method h\ wiiicdi \arious speed changes may be secured is 
(leinonsirated at Fig. ^^4(5. B. The driven member is sljifted across 
the fa(*c of th(* dn\ing di^k m) it (an (‘iigage different portions at 
varying dislam*(‘s from ihe c(‘nler. As the wheel is moved from 
the center t()v\ard the oiitcT ])erij)hery the speed ratios increase in 
proportion to llie amount the disk is moved out. If the driven disk 
is moved oven* to ihe other '^ide of the driving disk and past the 
(Hmtral ])oinl a reverse* motion will ])o oldained when driving contact 
is again (*stahlish(*(l hetwenm the surfaces. To interrupt the drive 
the members an* scpaiatcd and when the fa(*cs arc brought together 
the fric-tional adhesion |H‘rmits one to drive the wheels. 

Assinm* tliat both disk-, an si\t(H*n inches in diameter and that the 
driven meinher has movt*(l awav from center until it engages a point 
lunhig a m{‘au radium of two iii(*h(*s from the center line. The disk 
w^ould he moved from ])osition II in whieli it is plac<‘d^ as shown in 
illustration, to jmsilion indicated hv the dotted rectangle I), to this 
case the driving (‘tfect would lx* just the same as though a four4u *h 
diameter wlu*el was engaged with the sixtecm-inch diameter driven 
meinher. This would give a low gear ratio because the engine would 
be turning at four times the spt‘ed of the drhen member. If driving 
contact was again broken and the driven wheel moved along the 
shaft until it (xcupied the position indicat^ed by the rectangle E, 
the effe(*t w^ould be the sanu' as though an eight-inch driving member 
was turning tJic sixteen-inch driven wdieeL 4^his would give a higher 
ratio than in the case jireviously described, as the engine shaft would 
only turn at twice the speed of the driven member. 

If the driven member was moved so thit it occupied position 
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, ) 

the highest speed would be obtained because the disks would be turn- 
. ing at equal speed as one sixteen?inch wheel would be turning another 
one of the same diameter. If the disk was moved back to the otlier 
side of center or from position B, to that shown by the rectangle C, 



Fig. 247. — ^How Face Friction Gearing is Installed in Motor-Car Chassis. A — 
Arranged for Shaft Drive. B — ^Power Transmitted to Wheels by Side 
Chains. 

the driven wheel would be turned at one fourth the engine speed and 
in a reverse direction. 

This form of gearing is not' generally used for high-powered (Tars 
because the driving wheel must be of large diameter and very bulky 
to transmit the higher powers. The amount of energy it is possible 
to transmit efficiently depends upon the nature and size of the sur- 
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faces ID contact and tbe axnonnt pressure v^hicli is uxerted to bring 
the friction meiiil)ers together When a friction transmission is 
nsecl it is usiialJy applied in coniiectio’^i vith single- or double-cl^in 
drives to the rear wheels, li.ongli iorms have be on devised where drill- 
ing by shaft and l)evel gi^ars is lujssible. 

Tlie apj)]i('atif)n of a irictioii Iransiriission te a shaft-drive eliassis 
is shown at Tig. 2)7, A. In lids the double-opposed niotor is mounted 
so tlie crank shaft is at right angles to th(‘ frame sidr member while 
the cross shaft on wliieh the oriven disk slides is parallel with the 
frame side. Tlie ahiminum-alhn driving disk is attached directly to 
the fly wlieel of the motor, wiiile tlie fiber-faced Iriction wheel is 
carried on a countcTsliafl so journaled that the entire shaft may }}e 
swung over and ])riiig tlie driven disk in contact with the driving 
momher. A shaft servos to (‘onncct the driven disk shaft to bevel 
gearing in the rear axle. 

At Fig. 2-1.7, B, the nudhod of installation wlien a double-chain 
drive is provided is sliown, while at Fig. 218 the layout of a friction 
gearing enijdoying single-chain drive is outlined. The relation of 
the parts to cacdi otlu‘r can 1)0 very easily luiderslood hy referring 



Fig. 248. — Disposition of Important Elements of Simple Face Friction Gearing 
Adapted for Single-Chain Drive. 


to the illustrations. In the system depicted at Fig. 248 the double- 
cylinder engine is placed in the frame in sneh a way that the crank 
shaft is parallel with the frame side member. The drive from the 
engine crank shaft is through a sliding coupling at one end of the 
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shaft which carries the aluminum driving disk. This member is 
backed by a ball-thrust bearing which in turn forms part of a sliding 
sleeve or bushing connected to the small arm of a lever which is 
\3oihbd to the foot pedal. When the long arm of the lever is moved 
in the direction of the arrow the sliding coupling is pushed in a 
reverse direction and the pressure exerted against the aluminum disk 
brings it in contact with the fiber-faced wlieel on tlie countersliaft. 
The driven wheel is moved along the countersliaft by means of a long 
%ell crank, the short end of which goes to the control lever while tlie 
long end is employed to swing tlie fiber-faced wheel along tlie coun- 
tershaft. The drive from the countershaft is by means of chain 
and sprocket eonneetion wiih a live rear axle. 

In the form shown at Fig. B, the rear axle is a stationary 
member and the wdieels are driven independenily liy means of 
sprockets carried by the axle shafts of the compound countershaft, 
which is in reality a live axle mounted on the frame members and 
carrying the differential gear. As the power transmitiod is directly 
proportional to the pressure maintaining contact between the sur- 
faces it is imperative that'the leverage employed to produce this pres- 
sure be very substantial and rigid. Tests have demonstrated that 
the best combination of surfaces is a strawboard fiber driving ring 
against an aluminum or copper-alloy driving plate, and these are the 
materials commonly used. 

This form of gearing has the advantage that it is easily handled 
by the novice and it is difficult to injure it by careless luanipulation. 
The number of forward speeds provided are infinite, as the driven 
member may be moved across the driving face very gradually and 
engage driving circles which vary by small increments. The sur- 
faces must ])e kept clean and free from grease or the gearing will 
slip, and for this reason this form is not so generally used as onue 
might suppose, if its value was judged only by its simplicity and ease 
of operation. 

How Planetary Gearing Operates. — The planetary or epicyclic 
transmission is an easily operated form of speed gear that has been 
very popular on small cars. ’ This ’has many features of merit, it 
provides a positive drive, and as the gears are always in mesh these 
members cannot be injured by careless sMfting. Individual clutches 
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are used for each speed and as the operation of the clutch occurs 
at the same time that the desired speed is eelected the various speed 
changes desired may be easily effected by manipalating a single lever 
if desired. 

A typical })lanetary gearing of snnple form winch was formerly 
used on Oldsmobile cars, which wore one of the earliest makei^. to 


Brake Drum. 



N 


Low Speed Dram. 


Fig, 249, — Sectional View of Simple Planetary Gearset. 

be manufactured in large quantities, is outlined at Fig, 249. The 
gearing is carried in drums which are adapted to be rovolviid inde- 
pendently of each other or to be clamped by some form of clutch 
which would cause them to revolve as a unit with the crank shaft. 
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The drive is by single chain from a sprocket carried between the 
brake and reverse .drum and the gearing was mounted on a crank- 
shaft extension which projected from the fly wheel of the motor. 
The <3 rum nearest the fly wlieel carries three pinions which mesli with 



Fig, 260. — ^Demonstrating Action of Epicyclic Gearing. A — The Slow-Speed 
Gear Assembly. B — Gears and Pinions Used for Reverse Drive. 


an internal gear member secured to the sj)rocket and with a gear 
driven by the fly-w]ieel hub. The slow-spced drum is provided with 
four pinions wliich are carried around by a disk whicli is also secured 
to the driving sproc'ket. In the reverse gear com))ination the disk 
that carried the pinions was provided with the brake mem])er, while 
in the slow-speed gearing it was tlie internal gear which was held 
from turning when the slow-speed ratio was desired. 

The master clutch;, which provided tlie direct drive, consisted of 
four fingers provided with leather friction pads which were forced 
against the face of the internal gear drum of the slow speed by means 
of clutch dogs expanded by a sliding cone. When tlie clutch cone 
was forced in so that the small bell cranks brought the friction pads 
in contact with the face of the slow-speed drum, the entire assembly 
was firmly locked to the crank shaft and a direct drive obtained as the 
sprocket turned at the same speed as the engine shaft. 

The method by which the slow and reverse speeds may be obtained 
and the arrangement of the planetary gearing is clearly shown at Fig. 





The Modern Gasoline Automobile 483 

250. At A tlie slow-speea geariag is shown wliile the reverse gear 
arrangement is outlined at B. 1 lie drivdii^' gear or center member 
in both cases is keyed lo and tarns with the crank sJiaft. With the 
combination shown at A, wlien the slov/ speed is desired the internal 
gear is kept frmn revolving ]»r mcaiis ot a cun striding brake band 
which grips its onicr peripliery, and the small planetary pinions are 
forced to torn around on their supporting studs and carry the disk 
by wliich they are sipjported and which is attached to tlie driving 
sprocket in the same direction as the main driving gear, but at a 
slower speed. The gear reduction obtained depends upon the ratio 
of the driving and internal gear members. 

When the reverse gearing is desired the mode of operation is 
different. The conditions are then as shown at B. In this case 
it is the disk carrying the })in ion-supporting pins which is kept 
from rotating. The driving gear turns the idler pinions in a reverse 
direction, and these in turn cause the internal gear to which the 
sprocket is fasteiied to turn in a direction (opposite to tliat of crank- 
shaft rotation and at considerably lower speed. 



Fig. 261. — Planetary Gearing Utilizing Only Spur Gears Carried in Oil-Tight 

Case. 


Other forms of planetary gearing have been evolved in which the 
internal gears have been eliminated and in which the gear ratios 




484 


The Modern Gasoline Automohile 


are provided by a train of spur gears. A gearset of tins form is 
shown at Fig. 251^ and as all parts are dearly indicated it will not 
be necessary to describe its action in detail because it is very much 
the same as that of the form previously described. Wiien tlie slow 
speed is desired a brake band is clamped around the slow-s])eed drum, 



Fig. 262.-“-Two-Speed and Reverse Planetary Gear Employed on Ford Auto- 
mobiles. 


and a similar member constricted around the reverse drum will give 
the reverse motion. The gearing is locked together by means of a 
face-friction clutch, which is pressed in (contact with tlie slow-speed 
drum face by means of a high-speed locking cone and cone-operated 
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dogs or bell cranks. The form shown is intended to work in connec- 
tion with shaft drive, and a universal joini, is attached to the squared 
driving end. 

The planetary gearing slK>wn at Fig. is thai used in Ford 
automobiles and Us operation is similar to the forms previously de- 
scribed. In this raeclianism, however, the master clutch which pro- 
vides the direct dri\o is a multiple-disk form composed of steel flisks^ 
which are kept in permanent contact and proper driving relation by 
means of a heavy coiled spring. The low and reverse speeds are 
obtained in the conventional manner by tightening the external con- 
tracting clutch bands, wliich are shown between the gearing and disk 
dutcli. 

l^laiietary gearing has been very successful wlien projicrly designed 
and installed, and its chief disadvantage is 1hat it is very difficult to 
provide more than two forward sjioeds and one reverse. For this 
reason it (-an only be adapted to light cars which liave a surplus of 
l>()\vor in the engine, or to heavy trucks where it is not so essential 
that a largo ninii])er of speed ratios be provided as in touring cars. 
Such gearing is not oflicioiit on low and reverse speeds as considerable 
})()wer is abeorl)(*d in friction, but when on the high speed or direct 
drive it is superior to any other form of change-speed gearing because 
the entire assembly is locked to the crank shaft, no gears are turning 
idly, and tlie weight of the gearing serves merely as an additional 
fly-wheel memher. Considerable trouble was experienced with the 
early forms because it was difticult to keej) oil in the case, but in mod- 
ern forms spec'ial care lias been taken in housing the reduction gears 
so these are constantly oiled, and both wear and noise, wliich' were 
formerly d(‘trimeiita] to the adoption of this form of gearing and 
wliich militated largely aefuirist its general use, have been eliminated. 

Individual Clutch Transmission. — A form of gearset wliich com- 
bines the good features of the planetary type in that the driving gears 
are always in mesh and whicli can be provided with any desired num- 
ber of speed ratios is knowm as the individual clutch type. In gear- 
sets of this form one set of gears is carried by the countershaft and 
is fixed thereto while another set of gears, with which these members 
mesli, revolve idly on tlie main driving shaft. 

A transmission of this type which has been applied successfully 
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in motor-tnick design is shown at Fig. 253. In this the power is 
delivered to a main sliaft, whicli is supported on ball hearings and 
whieh carries a bevel pinion engaged with a bevel gear for driving 
the wheels at the rear end. The gears mounted on the main shaft 
are normally free to revolve independently from the shaft unless 
they are clutched to it by sliding positive jaw clutch members driven 



Fig. 253. — ^Part Sectional View of Cotta Individual Clutch Transmission Designed 
for Heavy Motor Truck. 


by the main shaft. Any desired speed ratio may be selected by en- 
gaging the gear desired by means of the clutcli carried at its side, 
thus causing it to turn with the shaft. 

When the clutches are placed as shown in illustration, the gears 
are neutral and the driving shaft turns without producing movement 
of the bevel driving gears. If it is desired to engage llie low speed 
the low and reverse clutcli memlier is moved toward the front end of 
the gearset until it clutches the low-speed gear to the main shaft. 
The power of the engine is then applied to the countershaft through 
the constant mesh gears at the extreme front end of the gearset 
and as the main shaft is made in two pieces, the end of one member 
telescoping into the portion that carries the driving connection to 
the engine, the drive is back from the countershaft low-speed pinion 
to the big gear which has been clutched to the main shaft and which 
causes it to turn slower than the driving member attached to the 
engine. 
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To obtain a'reveiBe ratio the low anij teverso clutdi is moved to 
the back end of the transmission and the reverse gear is docked to 
the main shaft. To obtain direct forward drive the high and inter- 
mediate clutch member is pushed forward until it engages the" teeth 
on the side of the constant mesh gear. This operation locks both 
portions of the main sliaft together and causes tiiat part to which 
the bevel driving pinion is secured to turn at the same speed of 
rotation as the driving end which is joined to the engine. The 
clutches are arranged in sucl a manner tliat only one can be used at a 
time and in addition to the positive clutches carried in tlie gear case 
some form of master clutch, which is invariably of the friction type^ 
must be })rovid(‘d between the power plant and the gearset. 



Fig. 264. — ^Individual Clutch Transmission Using Silent Chain v Connection Be- 
tween Main and Countershafts for Forward Speeds and Sliding Spur Gears 
for Reverse Action. 


Tlicre is a growing tendency to apply the silent chain to positive 
individual clutch types of transmissions instead of utilizing direct 
gear connection. The application of silent chains to a gear box is 
shown at Fig. 254, and the sectional view which is shown at Fig. 255 
makes the method of operation clear. The advantage of the silent 
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chain when used in gear boxes of this character is that it provides 
a more silent drive than direct gear connection would. This is very 
valuable in tht case of heavy, low-powered cars such as omnibuses 
and commercial vehicles, where the gearing is frequently used and 
where the vehicles are oi)orated for the niost pari under traffic con- 
ditions which make noisy operation undesirable. Tlie method of 
opei'ation when wsilent chains are used is exactly the same as thougli 
the drive was by spur gearing. 

Referring to the sectional view of the gear box given at Fig. 255, 
it will be seen that the power from the motor is delivered to a drive 
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bearings at the, center of the main shaft in stich a way that they 
revolve independently of that njember unless they are clutched to it 
by the positive clutches keyed to the shaft. 

To obtain the reverse drive the large reverse gear is moved back 
in such a way that it engages ihe reverse plnioh on tlie countershaft. 
The drive in this case is from the motor to the constant drive gear, 
forming ])art of the inaiii sliaft which turri the countershaft <3iive 
gear by means of a silent (diaiji which is not shown in tliis view but 
which can he very clearly seen at Fig. 2oi. The countershaft is 
turning in the same direction as the motor and the spur gears 
used at the hai'k end of tlie gearset are employed to reverse the 
motion. When the low speed is desired the low and re^ersc shift 
member is moved in such a manner that the idh gear is clutched 
to the shaft. WJieii this condition obtains tlie drive is from tlie 
motor through the constant drive gears and from tlie couiitersliaft 
hy the low-sjieed jiiiiion and the big gear wdiicli has been clutched to 
the main shaft and which serves to drive the universal Joint con- 
nected to the bevel gearing in the rear axle. 

A movement of the high or intermediate shift member will give 
either of these speeds desired. The intermediate speed is obtained 
in exactly the same manner as the low speed except that the gear ratio 
is such tiiat a higher ratio of drive is provided, while the liigh speed 
or direct di’ive is obtained by locking the two sections of the main 
shaft together. 

How Sliding Gearsets Operate. — The majority of change-speed 
gearsets whic-h Jiave been generally fitted to automobile service are 
forms of sliding gear arrangements and ma}'^ be divided into two 
main classes. In progressive sliding gearsets but one member is 
em})loyed for all speeds and tliis is sliifted along from one extreme 
position to the other. In tlie selective system it is possible to go 
into any one of the sp(*eds or gear ratios desired without passing into 
other speeds and witli hut a limited movement of the shifting mem- 
bers. 

The sliding gear system was one of the first to receive general 
application in early forms of motor vehicles and in its primitive 
condition it was but a modification of the back gearing used on 
certain classes of machine tools, such as lathes, drill presses, etc. One 
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of the advantages of this type when compared to other gear trans- 
missions is that it is possible to provide a greater number of speed 
clianges and that there is a higher driving efficiency when on the 
lower ratios because but two pairs of gears are in mesh. 

An example of a progressive sliding gear transmission is depicted 
at Fig. 256. this providing three forward speed ratios and one re- 



Fig. 266. — ^Arrangement of Gears in Progressive Sliding Gearset. 


verse. The various speed ratios are secured by moving the sliding 
member which is composed of two gears along tlie main shaft so 
that it engages successively the gears on the countersliaft. When 
the sliding member is in the position shown, no gears are engaged 
and no power can be transmitted through the gearset. If the sliding 
member is moved toward the right so that it engages the small 
pinion under the reverse gear on the countershaft a reverse dijve 
would be obtained. If the sliding member is shifted toward the left 
imtil the large gear member engages with the low-speed gear on the 
countershaft the lowest forward drive ratio is obtained. 
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Continupd luuvement ot the sUding member toward the left will 
cause tlie small gear to engage with ihh intermediate pinion and 
produce a ralio ot* drive tJiat will not Le as fast as the direct eon- 



Fig. 257. — Showing Application of Two Shifting Members on Main Shaft of 
Selective Sliding Gear Speed-Changing Mechanism. 


nection but wdiich is faster than the slow-speed ratio. When the 
sliding member is moved to the extreme left it serves to lock the 
two portions of the main shaft together and a direct drive is ob- 
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tained. The power from the engine is first delivered to the constant 
mesh gear which normally drives the countershaft and which re- 
volves around the main portion of the main shaft which telescopes 
into its interior. 

If the design of this gearset be compared to that outlined at 
Pig. 257, it will be evident tliat in the latter two sliifting members 
are employed which have a smaller degree of movement than the 
single member of tlie progressive type. I'lio reason tliat tlie selective 
system is generally preferred may be easily understood by referring 
to the compaTison between the forms as shown at Fig. 258. In the 
progressive sliding gearset whieli is shown at A. the .-liifting inember 



Fig. 268. — Comparing Progressive and Selective Gearset Action to Demonstrate 
Advantages of the Latter Form. 


is shown engaged with the intermediate gear on the countershaft. 
If it is desired to pass into the reverse from this ])Ositioii* the slow 
speed must be engaged l)efore the reverse gear can be reached. The 
hand lever used to shift the gearing is moved back with one con- 
tinuous movement. For instance, if the gearing l)e in the reverse 
position and it is desired to engage the direct drive it will be neces- 
sary to pass the one shifting njember to ihe low speed, past the in- 
termediate and from thence into the direct drive ])osition. 

With the selective gearset wdiich is depicted at Fig. 258, B, 
the plurality of shifting members provided makes it possible to^go 
into any speed directly without passing through the others. For in- 
stance, the high and intermediate shift member is shown in the 
position at which the intermediate speed ratio is obtained. If it is 
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desired to engage the high speed this men.ber may be pushed directly 
into position so liiat the main shaft ani the constant drive gear are 
locked together. If it is desired lo g.) into reverse a simple movement 
of the operating or sjiifring memljer, whicl is gidded by an H slot 
gat(‘d segment, will disejigage the high speed and throw the other 
shift member into position bv one simple r^.ovement. 

One of the advantages of this method is that it is much easier 
to engage tlie gears and that the liability of injuiing the gear teeth 
by injudicious shifting is not as great ar in the progressive type. 
Another advantage of tlie selective system is tliat it permits a more 
compact consi ruction and makes possible the use of siioner shafts 
which are stitfer than longer ones because the distance between points 
of support is not so great. Xot only is the operation muf*h easier 
but it is possiljle io obiaiu tbe varying speed ratios much more 
(piiekly than witli the progressive system. 

Tlie usual number of gear ratios provided is three forward speeds 
and one reverse mol ion. On some of tlie heavier touring cars four 
forward sjkhhIs are provided and when this is done engineer differ 
as to wdi(‘ther the dir(‘et drive should l)e on the third or fourth ratio. 
AVhen ilie direct drive is on the third ratio the fourth speed is ob- 
tained by gearing uj) and tlie driving shaft revolves faster than the 
main shaft of the (‘iigiiic. AVhen the fourtli S})eed is a direct drive 
the ('rank shaft and the driving shaft turn at the same sjieed. Those 
who fa^or the former metliod contend that as most of the regular 
driving is done at a medium rather tlian at an extreme high speed the 
direct drive on the third is preferable to a direct drive on the highest 
ratio. The gea red-up fourtli speed can he used only when conditions 
are exceptionally favoral^le to liigh speed. If the highest speed tvas 
obtained by a direct drive the natural tendency of the motorist wmuld 
be to use tliis most, but there wmuld be many conditions wdiere the 
ratio would be too higli and one of the lower gears would have 
to be used. If tlie direct drive was obtained in the third ratio this 
would be employed tlie greater part of the time, and as there would 
be less ^vear on the gearing wdth the direct drive engaged it would 
be preferable to use this as much as possible. 

The question of gear ratio to use depends entirely upon local con- 
ditions and before determining the ratios of the gearing in the speed- 
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changing mechanisms it is imperative that a definite relation be es- 
tablished between the speed of the driving shaft and the road wheels. 
When heavy pleasure ears use engines of moderate })ower the gear 
redaction is usually three and one half or four to one, tliis meaning 
that when the gearing is in tlie direct drive tlie engine crank shaft 
will turn three and a half or four times to one revolution of the 
driving wheels'. On cars where the margin of })ower is large and 
where" high speeds are desired tiie ratio may he but two and one half 
to one. If the car is geared too low, the engine must make a very 
high number of revolutions when on the highest s})eeds and use much 
more fuel than necessary. On the otlier haiul, if the driving ratio 
is too high it will be necessary to change gears fre(|ueiitly because 
even moderate grades will make it imperative to use a lower ratio 
than that afforded by the direct drive. 

The body fitted to the car has a material bearing upon the gear 
ratios provided. The driving speed that would he entirely practical 
on a chassis fitted with a roadster body would })f‘ much too higli if a 
limousine or coupe body was fitted to tlie same chassis. If the car 
is to be operated in regions where the conditions are not favorable, 
such as hilly sections, or where the highways are ])oorly developed, a 
much lower final drive ratio must be provided than wliere the roads 
are good and conditions favorable to higher S2)eeds. The speed 
ratios when the low gears are engaged will vary from ten to one to 
such extremes as twenty-five to one. The intermediate speed usually 
varies from five to one to ten to one, and a third ratio in a four-speed 
gearset may vary from three to one to six to one, and in some gear- 
sets it may iiave a value of seven or eight to one. If the fourtli 
speed is obtained by gearing up one may get a ratio of drive as high 
as two to one, though when the direct drive is on the fourth speed 
it is seldom higher than three to one. 

Most of the sliding gearsets have at least one of the speeds a 
direct drive, but some forms have been devised where the power is 
transmitted through gears at all ratios. A gearset of this t)^e, 
which has been used in an English omnibus, is outlined at Fig. 259 . 
This operates on the selective principle, Init the drive at all speeds 
is through gears. Two shifting members are mounted on the main 
shaft. One of these carries two small gears, the other has two larger 
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members. When the highest ^peed ratio ‘s desired, the largest gear 
on tlie main shaft is engaged with fclie smi'dlest member on the counter- 
shaft and as tliese have an equal iiumbc.r of teeth the shafts will turn 
at the same speed. When the smallust member on the main sha^t is en- 
gaged witli the largest gear the slowest ratio is obtained. T^'is method 
of gearset constru(.‘tion is seldom followed '".t the present tin^e ’>e- 



Fig. 269. — Three-Speed Selective Gearset in which All Speeds are Obtained by 
Gears, No Direct Lock Being Provided for liigh Speed. 


cause of the constant grinding of the driving gears at all speeds, and 
a certain amount of noise will result no matter how carefully the 
gears are fitted. With those forms of gearsets in which the highest 
ratio is obtained by locking tlie two parts of the main shaft together 
there are no gears transmitting power except those in the rear axle, 
and the operation is much more silent. The gearset is more efficient 
because the power loss is reduced to that of but one set of driving 
gears, and as no gears in the gearset are under driving loads there 
is no grinding or noise when on the direct drive. 






Fig. 260. — Arrangement of Gears and Shafts in Typical English Three-Speed 

Selective Gear Box. 



Fig. 261. — ^White Four-Speed Gearset Has Direct Drive on Highest Ratio. 

496 
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A typical sliding gcarset of the three-speed selective type is 
shown in section at Fig. 200, and at Fig. 201 a four-speed gear^t 
in which direct drive is obtained on the fourth speed is outlined. In, 
the former, two shiftihg nitnibers are luounled on the main shaft, 
one of these giving ihe high and intermediate ratiob, while the other 
is employed for low and reverse speed. But two shifting members 
are utilized on the main shaft of the form shown at Fig. 261. One 
of these acts progressively to give the reverse, low', and second-speed 
ratios, wdiile the other gives the third and fourth speeds. 



Fig. 262. — Winton Four-Speed Gearset Provides Direct Drive on Third Speed 
and Gears Up for Highest on Fourth-Speed <Ratio. 


A four-speed gearset in wdiich three shifting members are used 
and in which a geared-up drive is obtained on the fourth speed and 
a direct connection on third is shown at Fig. 262. In this the clutch 
is mounted at the forward end of the gearset in a case of its own 
and is a multiple-disk type. The member shifted by the center se- 
lective rod gives the second and third speeds, while that moved by 






Fig. 263. — Conventioiial Methods of Installing Gearsets in Chassis. A — Com- 
bined with Engine to Form Unit Power Plant. B — Fitted as an Individual 
Unit Back of Engine. C — Combined with Rear Axle. D — Moimted at 
Front End of Driving Shaft Housing. 
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the inner rod gives the reverse and first speed. Tlie geared-np drive 
or fourth speed is obtained by '^biffing the outer selective rod and 
bringing the smallest gear on toe main Inmiesh \\ith the largest 
gear on the eoinitershaft. 

An important factor in gearsct design is tlte method of locating 
it in the frame. The various systems of gearsei mounting in com- 
mon use are shown at Fig. 263. In tliat depicted at A tlie clutch 
and gearset form a unii vviili the power nlant. The advantage of 



Fig. 264. — Clutch and Gearset Portion of Unit Power Plant Showing Positive 
Alignment Between Clutch and Gearset Main Shaft. 


this method of mounting is that it makes a very compact power-gen- 
erating and speed-changing unit and tliere will be no liability of lost 
alignment between the engine and gearset. At B the gearset is 
a separate member installed back of the motor just under the front 
floor boards, and when mounted in this manner it may be attached 
directly to the main frame side members or to a subframe formed 
by cross members wliich have been provided for the purpose. In the 
design outlined at C the gearset is a unit with the rear axle, and the 
same argument in favor of mo\;nting applies as when it forms part 
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of the unit pbwer plajjt*' except that in this case there is no possibility 
of lost alignment between the gearset and tlie driving gears. The 
method of installing which is fourth in popularity is shown at D. 
In this the gearset is carried at the front end of the driving shaft 
housing and is usually attached to the frame in such a manner that 
it will assist in taking braking and driving torque. 



Fig. 265. — ^Herreshoff Unit Power Plant Partially Dismantled to Show Clutch 
and Gearset Construction. 


The methods of combining the gearset with the clutch case and 
power plant arc sliown at Figs. 264 and 265. In the former con- 
struction the engine is shown detached for convenience, but ‘the 
clutch case is a continuation of the engine bed. At Fig. 265 the 
gearset is sliown cletaehed from the power plant in order to demon- 
strate tha!t the clutch may be easily reached when desired. When the 
parts shown are assembled to form a unit .the flange at the front end 
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of the gearset case is £lltached to that at the back end of flie engine 
bed by means of bolts and tlie two then for the fly wheel 

and multiple-disk clutch which it ca|*ries. 

When side-chain drive is provided, as is often the case in motor 
trucks, the gearset soractin^es forms part of trie countershaft as-» 
sembly. One of these designs is shown at Fig. tliis iilustriiting 
the general arrangement of parts, while more specific details of con- 
struction are outlined at Fig. 207. Tlie construction is exactly the 
same as though the eonntershaft assembly was employed as a live 
rear axle with shaft drive. The only difference is that the ends 
of the live axle shaft are provided wnth driving sprockets instead of 



Fig. 266. — Change-Speed Gearing Combined with Countershaft for Side-Chain 

Drive. 


wdieel hubs. At Fig. 267 the arrangement of the three-apeed selective 
gearset and the manner in wdiich tlie bevel-driving gears mesh is 
clearly siiowii. The small driving pinion is attached directly to the 
main shaft extension and there is but little possibility of losing align- 
ment under load. The shafts of the transmission gear are mounted 
on ball bearings while the differential and axles are mounted on 
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roller bearings. -The drive sproclcets cariy pressed steel brake drums 
to which large external constricting brake ^ands are applied. These 
serve as running or service brakes to arrest vehicle motion through 
the medium of the driving chains which connect the small sprddkets 
wdth the larger members on the wheels. 

An unconventional form of rear axle and gearset ^‘ombination is 
shown at Fig. 268, while the conventional arrangement is depicted at 



Fig. 268. — ^Unconventional Arrangement of Three-Speed Selective Sliding Gear- 
set in Combination with Rear Axle to Secure More Compact Construction 
by Housing Change Speed and Driving Gear in Common Use. 

Fig. 269. In the former the main shaft of the gearset is in the 
form of a quill or tnhe which surrounds one of the axle shafts and 
the countershaft is a separate member carried directly in back of the 
main shaft. When on the direct drive the high-speed shift member 
is moved toward the left and locks the differential gear case firmly 
to the quill, which acts as the main shaft. When the parts are locked 
together in this manner a direct drive is obtained. The lower speed 



Intermediate Gear. 
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ratios are obtained in the sarue nianne;r as in any other selective 
transmission, the gears on the Tnam shaft being moved to engage 
tlae corresponding members on the countershaft The contention 
is made tliat this metjiod of design makes for a more compact as- 
sembly as all parts are housed in one casing member. ^ 

Most engineers ^vlio favor combining the lear axle and the trans- 
mission use the construction outlined at Fig. 2G9. In this all parts 
are so clearly shown that the method of application should be suflB- 
cieiitly clear without lengthy description. The change-speed gearing 
is a conventional tliree-speed and reverse selective sliding gear type 
and the drive to the rear axle is by the usual bevel-gear connection. 
The various systems of driving and metliods of manipulating the 
speed-change levers will be considered more fully in proper sequence. 

Transmission Gear for Four-Wheel Drive. — When a four-wheel 
drive system is employed it is necessary to use a radically different 
form of gearsc*t from that commonly emjdoyed in cars where a single 
drive shaft goes to a rear axle to which the tractive members are 
attached. A gearset of this ty])e is clearly outlined at Fig. 
and its actual apjdieation to a four-wdieol drive chassis is showm at 
Fig. The change-speed gearing is of the individual clutch 

ty])c and provides three forward speeds and a reverse ratio by means 
of sliding jaw' clutches which lock gears that are ahvays in mesh vrith 
each other securely to the drive shaft. The main driving shaft is 
extended through a supplementary casing attached to that containing 
change-speed mechanism. A silent chain serves to transmit power 
from a suitable s])rockct on the driving shaft to another memljor 
placed on tlie driven shaft below it. This driven shaft extends through 
the casing at both ends and the drive to the front and rear axles is 
by means of the usual propeller shafts and universal joints from the 
front and rear ends of the chain-reduction ease respectively. In the 
chassis shown at Fig. 269?;, the axles are different. The rear axle 
is a conventional form and the wheels are utilized for tractive pur- 
poses only. The front axle is a special construction, in w^hich the 
wheels are driven by ball and socket joints which permit of their 
inclination to steer the vehicle without ii^terfering with the power- 
transmission functions. 

Combination Gasoline-Electric Drive. — One of the great advan- 




TPig. 269a. — Special Gearset with Integral Reduction Gearing for Four-Wheel Drive Truck. 
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Fig. 260b.-~Plan View of Chassis of Four-Wheel Drive Truck. 
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tag6s of the electric automobile outside of its silence and smooth 
operation is tlie ease with wliich the speed and ])ower may be controlled. 
On the true gasoline type it is necessary to shift gears in order to 
att«)(in various speed changes, and unless this gear sliifting is very 
carefully done it may be possible to damage the transmission and 
also to impose shocks on the entire mechanical structure, due to too 
sudden engagement of driving gearing or clutches. While this defect 
is not serious enough to be a disadvantage of moment, at the same 
time it is evident that the operator of a gasoline car must be very 
competent and thoroughly familiar with the man i] ml at ion of the 
speed-changing and clutch-control lefer. The various speeds are 
obtained by a simple movement of a controller handle, without shock 
or jar, when electric current is used for propulsion. This makes it 
possible for ordinary drivers to control the vehicle, because it does 
not require any special skill to move the controller handle, whereas 
it does take j)ractice and ex])erience to properly manipulate a sliding 
gear transmission and clutch. 

There are some general disadvantages to the ap] dicat ion of ele$»' 
trie power alone, and it seems to be the general o])inion of engineers aft 
over this country and in Euro])e that gas power is more suited for 
commercial work than is electric power, if the latter is derived solely 
from storage batteries. An electric vehicle de})ending upon stored 
energy is not capable of the speed that can be made with a gasoline 
engine as a power plant. The range or radius of action of the average 
electric battery is apt to be somewhat limited, and one nwght easily 
imagine a condition, especially in a city or town of any size, wliere 
enough distance might be covered in the course of a day to prevent 
proper charging of the storage battery, and this, of course, would 
result in diminished efficiency as the battery charge became depleted. 
The writer does not mean to imply that electric power derived from 
a storage battery is impractical. On the contrary, many very effi- 
cient automobiles are propelled by this power. 

An ideal combination in which the main advantages of both gas 
and electric power are obtained is the combination or gasoline-electric 
system in which the prime mover is a gasoline motor which delivers 
its power to an electric generator instead of to the usual form of gear 
transmission. With this combination one is obliged to obtain a large 
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radius of action, inabniucli as the gasoline engine may be oi)erated 
continuously as long as tlie supph^ of gasoline and oil is adequate, 
and by the use of the electric power to turn the wlicels one is enabled 
to gain the main advantages, namely, easy control and simplicity of 
oj)eration that would be obtained in electric automobiles. 

A very efficient tractor has been devised by the American and 
British Manufacturing Company which is particularly suited for fire 
department and general commercial service, as it can be just as well 
adapted to use on existing wagons and all kinds of fire apparatus as 
to new fire engines and other machines. The construction is such that 
the change from horse-drawn to motor traction is a simple operation 
that does not require the vehicle to be out of commission very long. 

This tractor construction operates on the Hoad lev system and gives 
excellent service because there is nothing radical in the design. Effi- 
ciency is obtained by an ingenious application of well-known mechan- 
ical elements. Among some of the advantages of tliis system as ad- 
vanced by the makers may be mentioned, extreme simplicity, mini- 
mum depreciation, because there are few parts tliat can wear out, and 
every part of the machine is unusually substantial. There is great 
flexibility of control as relates to power and sy)eed. It possesses satis- ‘ 
factory hill-climbing ability, has su])erior traction and stability on 
slippery roads, and it can be steered and maneuvered witliout exjiendi- 
ture of undue energy. In addition to the points enumerated this sys- 
tem of construction also shares the advantages present with the trac- 
tor system of propulsion. These are that tlie body design will l)e 
independent of the mechanism, which makes tlie same tractof construc- 
tion suitable for all forms of vehicles ; the body may be high or low as 
desired, and the tractor can be applied to any existing horse-drawn 
vehicle. The general appearance of the A. & B. tractor applied to 
an Amoskeag Fire Engine is clearly shown at Fig. 269c. It is claimed 
that the 40 H. P. tractor with a first size fire engine can be 
speeded to a maximum of twenty-five miles per hour, wliicli is about 
four times as fast as the same engine can be drawn with a three-horse 
hitch for any distance, that it will climb a 15% grade at three to 
five miles per hour, and that it has sufficient reserve power to start 
from a standstill and maneuver on that incline. It will climb a 
twelve-inch curbstone or pull through sand until the axle is buried. 
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Fig. 269d.—Principal Parts of Hoadley System Tractor. A—Power Plant and 
Generator Assembly, B— The Combined Driving and Steering Axle Show- 
ing Method of Supporting Wheel Drive Motors. 


So sensitive is the control that the massive machine may be moved 
an inch or two at a time by the driver standing on the ground and 
controlling the speed lever. 

This tractor is made in four sizes, as follows : 22 H. P., suited for 
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Whicles of tons capacity; 30 H. P., adapted to vehicles np to 3^ tons 
capacity; 40 H. P,, suited for 5 tons, and 60 H. P., for vehicles up to 

tons. 

The power plant, which is clearly outlined at A, Fig. 269^Z, con- 
sfets of a four-cylinder L head gasoline motor with cylinders cast in 
pairs, which drives an electric generator coupled directly to the motor 
flywheel. This generator supplies current to operate the driving 
motors, which are located at each front wheel. Each motor, with the 
entire driving gearing, is combined with the combination tractive 
and directive member in a unit structure which swings on pivots for 
the purpose of steering. The wheels. are connected and controlled by 
the usual form of handwheel and reduction gearing and hj drag link 
and tiebar, as in the conventional front axle. The electric generator is 
connected directly to the wheel motors through a sim])le form of 
three-point control switch, there being no other electric intermediate 
member, except plain simple wiring. 

The power and speed are controlled chiefly by controlling the 
power and speed of the gasoline motor by the usual spark and throttle 
levers. The controller offers two forward speeds and a reverse, and 
by this added control the power and speed of the vehicle may be varied 
to suit conditions. With this electric drive combination, ideal control 
is obtained. Both speed and power are under instant command, and 
one can obtain any variations from zero to the maximum point with- 
out the various steps that are unavoidable where a clutch and change 
speed gears are part of the transmission mechanism. Tlie illustration 
at B, Fig. 369rf, shows a completely assembled tractor axle with 
wheels and driving motors in place. At Fig. 2C^9e one will see the 
various details of the combined motor and wheel assembly at A, the 
appearance of the motor with the wheel and one end of the casing 
removed is depicted at (7, and the wheel with internal spur driving 
gear in place is clearly shown at B. These views give excellent ideas 
of the application of the various parts of the power plant, the iaxle 
with the wheel driving motors and the various members comprising 
the axle assembly. The axle is of particularly stiff and rigid design, 
as the depth and bracing near the pivot ends permit of obtaining 
great strength without the use of a large mass of metal. The mo- 
tors, which are of the enclosed type, as shown at Fig. 369a, are built 
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info Bteeiing knuckles, so that the motor, knuckle and spindle 
are practically an integral structure. As tlie coniluned driving and 
steering wheel forms a substantial unit, the torque reaction on the 
, wheels is sustained by the. pivots of the steering knuckle and the 
esElfeeptionally strong front axle. The weight of the motor on one 
side of the pivot is said to closely balance the weight of tlie wheel on 
the other side, and it is advanced that this method of sustaining 
the weight minimizes the evil effects due to impact stresses found 
in. Construction w'here the motor had a pronounced overhang in rela- 
tion to tlie wheel. This feature proved to be a serious drawback in 
the early attempts that were made to, employ an electric motor drive 
directly attached to members that could be moved for steering. The 
W’heel is driven by spur pinions which engage with the large internal 
gear fastened to the wheel spokes. 

To* anyone who has liad ^perience in applying electric power 
to h^a\7 vehicle drive, it is apparent tliat it is not easy to design a 
mechanically efficient method of drive between the motor and the 
driving wheels. An electric motor must run up to a certain speed 
in order to obtain the proper amount of power without using ex- 
tremely large motors and also to obtain the proper degree of effi- 
ciency. Tlie driving wheels of heavy vehicles must turn at a rela- 
tively slow rate to correspond to the speed of the vehicle, and as large 
wheels are genially used on fire apparatus, this necessitates having a 
large ratio of speed reduction from electric motors to wheels which 
might be obtained by a two-step or three-step reduction. The two- 
step reduction is much the simplest, and is also the most efficient 
because less power is lost in friction of gearing. By referring to ihe 
illustration which the electric motor used for power, it will be seen 
that the method of power application is based on a clear under- 
standing of correct mechanical principles. Instead of taking the drive 
from but one end of the motor armature, as is common practice in 
most electric vehicles, the driving strains on the motor armature 
and the loads on the bearings due to driving torque are equalized by 
taking the power from each end of the armature shaft. A bevel pinion 
is securely attached by means of a taper fit and key at each end of 
the armature shaft and the driving pinions are retained firmly in 
place by the clamping nuts provided for that purpose. The armature 
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shaft is mounted on ball bearings which provide maximum effi- 
ciency, owing to the practical elimination of bearing friction. At 
each end of the motor casings a cross shaft is placed which is at 
right angles to the armature shaft. These shafts have the spur driv- 
ing" pinions (which engage with the large internal gears of the 
wheelfe) formed integral and are driven from the motor armature 
shaft by bevel gears securely fastened to the shaft and meshing with 
the l^evel drive pinions. The wheel pinion drive siiafts are mounted 
on roller bearings of the taper form which are provided witli adjust- 
ments by which they may always be kept in proper alignment. The 
use of the taper roller bearings mounted in the manner indicated 
permits of keeping the shaft from end movement, and also makes it 
possible to resist the end thrust on the gears, due to the angularity of 
the teeth. While there would he a certain amount of end thrust pres- 
ent on the armature shaft of the motor if the drive was taken from 
only one end, tlie use of. the two bevel pinions and the method of 
^mounting make it possible for the end thrust of one pinion to bal- 
;ance that of the member on the other end of the shaft. The traction 
member is driven by the spur pinions, which are placed at opposite 
sides of the large internal gear, and thus the power delivered by the 
electric motor is apjdied to the wheel at very effective points or near 
the contact point of traction member and the ground. By the use of 
the two pinions at opposite sides of the large rack or internal gear, 
an absolutely balanced drive is obtained at the wheel as well as at 
the motor armature. The electric motors are designed so* they will 
operate at a 300% overload with absolute safety. 

The Couple-Gear Four-Wheel Drive System. — ^The Couple-Gear 
system is anotlier method, of utilizing electricity as a means of 
speed changing and power transmission with a gasoline engine as a 
prime mover tliat supplies electrical energy by driving a dynamo 
attached directly to the crankshaft. The general arrangement of ])arts 
of the power plant is depicted at Fig. 269/. The gasoline engine and 
the dynamo it drives are attached to a subframe member, so the 
power plant complete is a unit that may be readily installed on ''the 
main frame of the chassis. The distiiietive feature of the Couple- 
Gear system is the method of mounting the wheel driving motors 
between the two members epmprij^pg the wheel. One motor is 






Fig. 269h. — ^Front View of Couple-Gear Wheel with Tire and Rim Removed to 
Show Method of Driving by Bevel Pinions and Racks. 


attached inside of e,ach driving wheel, as shown at Fig. 269^. ‘ The 
motor frame is attached to a carrier member integral with the wheel 
spindle and drives the wheel through two beveled pinions at the 
ends of the armature shaft, one of which meshes with a bevel drive 
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rack at one siSe of the while the cih^ pinion engages a rack ^ 

of similar size on the other side of the T»^heel. At Pig. 26% one side 
of the wheel is taken off so the conrtnietion of tlie wheel-drivii%^^ 
motor and the J»r^angeijjent ot the driving gearing may be readily" 
ascertained. The illnstration Fig. 269/t shows a froi^t view of the^ 
wheel with the rim removed to show the manner in which bevel jlnion'V 
A drives bevel rack while the bevel pinion B is in mesh witli tho 
bevel rack B. The wheel spindle which projects from one side of the 
wheel fits a corresponding taper hole in a steering knuckle of suitable 
form, which makes it possible to incline the wheel as desired for 
steering without interru})ting the continuity of the drive. The 
couple-gear system is sold in two- and four-wheel units, and where 
four wheels are used, all four members combine directive and tractive 
functions. The two- wheel type is in the nature of a tractor that is 
intended to be attached to the front portion of the frame of any 
heavy vehicle, such as fire apparatus. 



CHAPTER IX 


The Chassis and Its Components — ^Frame Design and Construction — Typical 
^J[ethods of Spring Suspension Outlined — Function of Ste(‘ring Gears — 
Sieeritig Gear Forms Defined — Front Axle Types — Rear Axle and J^riv- 
ing Means — Power Transmission bj’ Bevel and Worm (rearing — Conven- 
^ tional Braking Systems — Application of Front Wheel Brakes. 

The average motor-car cliassis is composed of a nnniber of parts 
distinct from tJie power plant and transmission groups. Tlie im- 
portant com] aments are tlie axles, the steering system, the method 
of power transmission to the 'wheels, the design of tlie frame, and the 
spring suspension means. The frame forms a connecting link be- 
tween the motive j>ower and the parts wliich s(‘rvo to su])port the 
body and machinery. Formerly frames were made in many different 
styles and a niinibor of different materials were utilized in their con- 
struction. At the present time the practice lias crystallized to a point 
where certain construction has been definitely accepted as the best and 
this is generally followed in practically^ all forms of motor cars. 

Frame Design and Construction. — The usual arrangement of the 
components of typical chassis forms is outlined at Fig. 270. The 
power plant and its accessory- groups as well as the cliange-^])e(Hl gciar- 
ing have been previously described, and the chassis forms outlined 
are presented to show the two distinct systems of cliassis construction 
generally followed. The arrangement of parts dejiictcd ha« become 
accepted as best practice and practically all motor cars are about the 
same in general design. The arrangement of the chassis shown at A 
is the conventional one, and in this the frame which carries the 
operating parts is mounted ab ove the axle. In the form shown at B 
an underslung frame construction is used. In this case the springs 
are coupled to the axles but the frame members are suspended from 
the springs instead of being placed above them as shown at A. 

The advantages claimed for the underslung construction are that 
it is more stable because the weight is carried nearer the ground and 
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the car is more easy ri("^iiig and will sway lee? at high speeds thaa 
those types where the frame is carried above the arle. The advantage 
of bringing the center of graviiy close to rhe ground is clearly illus- 
trated at Fig. 271. At A the center of gravity of a heavy limousine 
car wliicli has an iinderslung frajiic i/ at a point just above the axle^ 



Fig. 271. — Advantage of Low Weight Placing and Carrying Center of Gravity 

Near the Ground. A — Low Center of Gravity Makes for Stabilityc 

B — High Center of Gravity Unsafe. 

and if the car tills over a marked degree, a line drawn from the center 
of gravity will fall within tlie area of the base of support as repre- 
sented by the recdangle. the corners of wliicb are at t)ie contact points 
of the wheels and the ground. The center of gravity of any body is 
the theoretical ])oint around which the weight may be said be 
evenly distrilnited, and whenever a line drawn from the center of 
gravity falls within the Ijase line of any body or mass it is in stable 
equilihrinni. 

In the cas-e outlined at. B the center of gravity is carried liigher 
because the frame is mounted above the axle and conditions may 
obtain where the line drawn from the center of gravity will fall out- 
side of the ])ase lim^ and tlie car tip over. While the conditions shown 
are soniewliat exaggerated they will serve to make the comparison 
clear and wull enable tlie nonteclmical reader to understand the 
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advantage of carrying tlie weight of the machinery as near the ground 
as poi^ble to secure steadiness at high speeds. 

The factor of carrying the weight low is much more important 
in t|ie case of cars which are to be equipped with large closed bodies 
of the limousine type. It must not be inferred that it is not possible 
to c?lrry the weight low with the form of frame construction defined 
at Fig, 270^ Ay as in the case illustrated tlie macdiine weight is car- 
ried practically as near to the ground as it is wlien the underslung 
frame, shown at B is employed. The difference in center of gravity 
of the whole machine is evident only when the Ixxly is iitted and it 
will be carried considerably lower Avith the nnderslung frame than in 
the one wlicre the frame members are niounted above Ihe axles. 

Materials Employed in Frame Construction. — The first motor cars 
were based somewhat on experience obtained in bicycle construction 
and had frames made of steel tubing. Ihiis material Avas not as 
suitable for motor-car frames as it had been for the ligliler two- 
wheeled A^ehicles because the multiplicity of brazed joints Tiecessary 
made the frame quite a costly proposition. Thou again the round 
section of the tubing did not offer as easy means of attaching the 
engine and transmission units as do those frames which are com- 
posed of members having a rectangular section. Tubing is used 
only in subframe work, at the present time notably in the Flanders 
light four-cylinder car and some of the Lozier models. 

Following the use of the tubing, automobile Imilders used angle 
iron and other structural shapes available on the open market. Other 
makers used wooden frame members, but at the present time one 
rarely finds either structural iron or wood used in pleasure cars, 
though both of these materials have been applied to some extent in 
jnotor-truck construction. Some makers, notably tlie Franklin Com- 
pany, employ frames which are made of laminations of specially 
seasoned and strong wood. The majority of manufacturers, however 
favor the use of pressed steel forms which are not only light and 
strong but which have a degree of flexibility which is very desirable 
and which is not easily obtained with the various structural shapes 
in iron. * 

Frames may be divided into five main classes, as follows: Those 
in which wood only is used, forms utilizing pressed steel construction, 
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typos employing steel tAes, frames T)uilt up of iron structural shapes, 
and combination frames \\here two or luore difTerent methods of 
constructioji may be combined. For inscanee, it is possible to refe* 
force a wooden frame side member w^th a strip of steel or iron, or at 
the other liand some mokerL sometimes fU! the channel of a pressed 
steel frame will) wood to strengthen it. Each of Ihese liiaia 
sions might l)e again divided. For instanct, wood frames may oe 
made of a solid strip or beam or may be composed of vertical or 
horizontal laminations. Pressed steel may be made into channels, 
angles, or modifications of these, while frames composed of tubing 
may be s(]iiaj*e, rectan<^ular, or round section. The various structural 
shapes may be utilized in the form of plate, angles, T rail sections, 
and 1 beams. 

A typical pressed steel frame is showm at Fig. 272 and this is the 
type wiiich is very generally employed. The frame-side members are 



Fig. 272. — Conventional Form of Pressed Steel Automobile Frame with 
Cambered Side Members. 

two pressed steel forms cam])ered at the front ends and joined to- 
gether by a scries of ttiree cross braces. The front one serves as a 
radiator support, that in the center provides anchorage for the torque 
tube of the axle, wfiile the rear cross member projects on either side of 
the frame and provides a point of anchorage for the rear support- 
ing springs. The object of cambering the frame members in front 
is to provide a greater angle of operation for the front wheels and to 





5 ^#^ The Mpdern &asolme Automohile 

permit turning on curves of sfnaller radius thai would be possible 
if the frame members were straight and movement of the wheels 
limited thereby. 

In some frame constructions where semi-elliptic springs are used 
at tlie rear end as well as the front of the car, the frame is some- 
times raised at a point directly over the axle, as shown at Fig. 273, A. 
Often a double drop is provided in tlie frame side, as shown at Fig. 
273, B. In this construction the frame side is straight to a point 



Fig. 273. — Frame Forms Having Raised Side Members. A — Frame Side Raised 
Over Axle. B — Framework with Drop Side Member. 


about half the length of the chassis, then it drops and when it reaches 
the axle it raises again to allow for movement of tlie axle*. The ob- 
ject of dropping the frame is to provide a slightly lower floor board 
placing than would be possible if the body was carried at one level. 
The rear upsweep, by raising the back end of the frame, enables the 
axle to be carried in a position that will permit a nearly straight 
line drive. It will also bring the running board of the ear closer 
to the ground, which makes the body more accessible, and it lowers 
the center of gravity as well. At the same time sufficient space is 
provided behiveen the raised rear end and the axle to permit of using 
springs which will be adequate to support the weight of the mechan- 
ism and body and yet permit these to have a considerable radius of 
movement and make for much easier riding. 
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By bringing tbejomest Icv^l at ^ point between the front md 
rear it is possible to carry the body low and at the same time support 
the engine and transmission at a sufficient height above the ground 
to insure ample clearance l>etweeii the boitom of the motor and the 
surface of the roadway. The advantage of the pressed steel frame 
over (lie otlier forms is tiiat it is a very easy type tn make and very 
cheap after the forming die^ have been madv.. Tt lends itself read- 
ily to designs where it would not he possible to use the wood frame 
because of the serious diiuinuiion of strength if wood is hen^ in any 
way that will distort tlie grain. 

h Suspension of Motor Vehicles. — One of the most important prob- 
lems in coniK'ction witli (diassis designing is that of the supporting 
members which join the frame to the axles and which are depended 
uj)oji to a])sorb much of the shock and jar incidental to motor-car ' 
o])eratioii. ^J'lie importance of the springs and the part they play 
ill promoting the comfort of the passengers, the durability of the 
macliinerv, and economical aj^plicaiion of power are but little appre- 
ciated by the majority of motorists. One point that has made it 
difficult for the automobile designer to evolve spring types which 
were eiitirc'ly satisfactory was the paucity of data regarding spring 
action of high-spe(‘d vehicles. The forms of springs that were used 
on wagons and carriages were studied, but when these were 
applied to motor cars which had much greater speed tliaii the simpler 
veliicles the problem aj-sumod a new^ aspect. While the horse-drawn 
vehicle o])eraies on rougli roads the speeds are comparatively low, 
and the rougliness of the roads is not such an important factor as it is 
in the design of automobile springs, llailway cars were studied in 
the liope of finding a solution. Here the conditions are reversed/ and 
while they ope’^ate at high speeds they run on comparatively level- 
steel rails and the conditions of operation make the problem of spring ‘ 
suspension one that is not difficult. 

One point greatly in favor of the motor car is that for the most 
j)art these are mounted on pneumatic- or air-filled tires and these 
have valuable cushioning ]>roperties in themselves and nm of material 
value in solving the problem of spring suspension. It is very difficult 
to combine both strength and resiliency in springs, as if these are 
made light and flexible they are not likely to be strong. A vehicle 
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that might be very easy riding on good roads would have too much 
£.pring movement if the springs were lacking in strength when oper- 
ated on rougher road beds. At the other hand, if springs are made 
stiff to take care of severe conditions they will be hard acting when 
Use’S on smootli roads. 

Another factor wliich makes it diifkmlt to select tlie proper 
springs is the variation in weight carried. When an engineer de- 
signs a five-passenger louring car lie must provide springs of adequate 
strength to take care of the car when it carries its full complement. 
If but two passengers are carried the car will be stiffer riding than 
when the weight of five persons mustj)e supj)orte(l. 

An added point that makes it difficult to sele(‘t springs for auto- 
mobile suspension except by experiment is tliat the propelling force 
forms part of the conveyances and power must be transmitted from 
the source mounted on the frame to the wheels resting on the ground. 
As the frame is suspended on more or less flexible members and 
moves in various directions, the degree of movement must be limited 
so there will be no excessive strain imposed on the transmission 
mechanism. Ease of riding is largely determined ))y the radius of 
movement or upward throw of the body, and the oliject with any kind 
of spring suspension is to reduce the up and down movement to as 
low a point as possible without actually retarding the vibrations. 
Eapid vibration of the springs will cause discomfort and will affect 
to a considerable degree various parts of the chassis which connect 
the frame to the axle, such as radius rods, steering connections, torque 
members, and driving means. 

Of the various forms of springs it is possible to use the laminated 
leaf spring is that which has been generally applied on automo- 
biles just as its use has become universal on horse-drawn conveyances. 

' The great value of the laminated leaf spring is that its capacity 
can be varied by changing the number of plates or leaves used and 
almost any desired degree of resiliency can be o})tained by varying 
the thickness, grade of material, and width of the plates of which 
the spring is comf)osed. * 

Design of Leaf Springs. — The leaf springs used for the suspension 
of road vehicles consist of several layers of steel plates so shaped 
that when laid together they form superimposed arcs of as many 
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circles as there are leaves. The spring efff'ct is cblained by the elafr^ 
tieity of tlie metal used which is increased in value by a process of 
heat treatment known as tempering, liie leaves are usually gradu- 
ated in thickness, being diicker at the center and tapering from the 
center to tlje ends. 

The reason for following a common lire or arc when a spring : 
is composed of more than one leaf is that as all of the leaves ai^ de- 
flected at once bv the load and as the tendency is to straighten out 
the curved member, tlic y should slide upon one another when alter- 
ing their shape in such a manner that they will always be in contact 
witli the neiglihoring leaf at all points. If the curvature of the 
loavt‘S differed appreciably the tendency of tlje plates under load 
would he to straighten out and separate and the load would only be 
carried on those memhers which were in contact at all points. This 
w^ould be undesirable because it would cause a loss of spring action 
and would also result in frequent breakage. 



Hg, 274. — Springs Usually Employed for Supporting Motor-Car Frames and 
Horse-Drawn Vehicle Bodies* 


The commop forms of springs w^hich have been used for supporting 
motor-car frames are shown at Fig. 274. That at A is a full elliptic 
type and consists of two semi-elliptic spring members hinged together 
at their ends. The semi-elliptic type, which is half of a full elliptic 
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spring, is shown at B. The spring illustrated at C is a tliree quarter 
elliptic form used for suspending the front end of some types of 
cars. The scroll elliptic spring depicted at I) is a modification of the 
full type, but it is somewhat more flexible because the lower member 
is fastened to the upper by means of shackles which permit more 
movement than the rigid bolt and eye connecting the members of 
form A. The s^ide spring depicted at E is a modification of the 
side spring commonly fitted to (V>ncord buggies, and while it has 
received some application on earlier forms oL* automobiles it is not 
used at the present time. The form shown at F is a three (jiiarter 
scroll elliptic member which is very widely used at the present time 
for rear suspension of motor cars, especially in those chassis having 
upswept rear ends. 

The application of the spring forms previously (-onsidered to the 
front end of motor-car frames is outlined at Fig. 275. The views at 



Fig. 276. — Spring Suspension Means for Front Ends of Motor-Car Frames. 
A — Semi-Elliptic. B — ^Full Elliptic of Franklin Car. C — Single Cross 
Spring of Ford Design. 


Fig. 276 show various spring combinations used for rear-end suepen- 
sion. The common method of supporting the front end is shown at 
Pig. 275, A, and is used on the greater proportion of motor cars. Of 
the rear suspensions that shown at Fig. 276, O, is popular on heavy 
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vehicles, while tlie full elliptic depictccj at 0 and the three quarter 
scroll elli])tic outlined at E also receive general application. The 
.semi-elliptie S])riiig is not as eas>’ riding aS. the otlu^r forms unless it is 
made very long and composed of bu a few leaves The various full 



Pig. 276. — Spring Suspensions for Rear Ends of Motor-Car Chassis. A — Sin- 
gle Elliptic Cross Spring of Ford Cars. B — Semi-elliptic Side Member. 
C — Rear Support by Full Elliptic Spring. D — ^Platform Spring Con- 
struction. E — Three Quarter Elliptic Application. 

and thr(*(‘ (juart(‘r elliptic forms are much more flexible than a semi- 
elliptic of the same length and are more generally used for rear sus- 
pension where a greater degree of movement is desirable than at the 
front end. 

Wlien an automobile chassis is suspended on springs the fragile 
will move in various directions. There is a certain amount of for- 
ward and backward end throw, an element of side sway and the 
up and down motion caused by tlie deflection and recoil of the spring. 
The object of an etiicient spring suspension should be to minimize the 
end throw and side sway as much as possible and yet preserve the 
freedom of movement of the spring. It is for this reason that the 
semi-elliptic form is so pojmlar for front suspension. It is a stiffer 
member than the others and is better adapted to carry the weight of 
the power plant without side away and to keep the front axle in that 
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relation witli the steering mechanism necessary to secure the best 
action. 

In general the methods of suspension employed by automobile de- 
signei!| follow closely those tliat have been used for a number of years 
by xpiinufacturers of horse-drawn vehicles. When elliptic or senii- 
elliptic springs of the ordinary description are used one will see that 
in most light horse-drawn carriages but two are employed, one being 
placed over each axle and parallel with it. Tn motor cars one seldom 
finds a single spring used for suspension at both ends, irsually if 
one spring is placed in this manner over one of tlic axles there are 
generally two arranged in the conventional manner ovi*r the other 
axle to provide a three-point support. A notable exception is the 
Ford car which employs a single cross spring at each end of the frame. 

When only one spring is used in this manner radius or distance 
rods are required to maintain a fixed distance between the axle and 
the frame at the front axle, and more substantial meml)ers of the same 
character which will have to take tlie driving tor(]uc eilVet as w^ell as 
the braking stresses will be required for the rear end. This makes 
two sets of radius rods necessary on each car. ^Most automobile de- 
signers favor the use of two semi-elliptic springs at the front end be- 
cause with these there will be no need of using radius rods, as the 
springs are capable of maintaining the proper relation between the 
axle and the frame as well as resist the pushing or pulling effect due 
to traction, which would otherwise have to be taken by radius rods. 

With practically all forms of rear suspension, especially in those 
which utilize the elliptical forms of springs, the ine\'itable forward 
throw makes the use of radius rods imperative. It is necessary that 
the proper distance be maintained between the motor mounted on the 
frame and the rear axle where the power is applied to the wheels. 
The amount of jday permissible is governed entirely by the cliar- 
acter of the driving system and with some forms there can be more 
latitude of movement than possible with others. In nearly all cases, 
however, it is essential that very nearly a fixed distance ])e maintained, 
or there will be injurious stresses on the sprockets, chains, universal 
joints, or gears with attendant loss of power. 

A factor that has become very important is the selection of suitable 
alloy steels for the construction of the springs. The rapid develop* 
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ment of high-powered automobiles which ar^ capable of extremely 
high speeds had made the devciopmcut ol mote lesisting and elastic , 
steels imperaiive, as the open hearth metal of standard analysis used 
in the manufacture of carriage springs would not make sati^actory 
supporting members under the severe conditions imposed by the’ mod-^; 
cm automo])ile. For this reason, various allc'y stea ls, such as vana^l 
dinm steel and mixtures of iron, carbon, cinomium, and nickel havey 
been develoi)ed especially for fabrication into springs. ^ 

Among the other functions of springs they reduce to a certain 
extent the traction resistam‘e. When the driving wheels meet ob* 
stacles tlie shock produced depends upon tlie inertia of the axle and 
that of tlie wheel which comes into contact with the impeding sub- 
stance ])lns the resistance of the springs, which factor varies with , 
the elasticity and design. If the springs are not sufficiently resilient 
the shoedv will lift a portion of tlie ear as well as the wheel and axle, 
wliereas if elastic members are employed only the axle and spring 
will be affected. It is patent that more power is required to sur- 
mount obstacles when stiff springs are employed, and part of the 
power delivered by tlie engine wdiieh might be used to better advan- 
tage in i)roiK‘lling the car is absorbed in overcoming the obstacle. 

The attac'liment of springs to the frame and axle is a phase of 
the suspension jirobleni that is important. The front end of the 
front springs is usually jii voted directly to the frame in spring 
liorns forming a portion of the frame-side member. The free end 
of the sju’ing is connected to the frame by a shackle to allow the 
necessary inotioii. The rear springs are usually attached to the 
frame in a diilerent manner than the front member because to eecure 
maximum efficiency the rear springs should be called upon only^ to 
support tlie load, and tliey should be relieved of all traction and 
torsion forces by suitable torque members or radius rods. If springs 
of the semi-elliptic type are used it is advisable to double-shackle them, 
wdiereas full elliptic forms should be attaclied to the frame by some 
sort of a swivel joint in order to allow the necessary motion. 

The method of fastening the springs to the axle is by means of 
clips very similar to those that are used in carriage construction, but . 
they are usually heavier and of better material. The spring rests ^ 
upon a piece of leather or wood placed between it and the supporting ' 
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pad OH the axle and this material is usually curved enough to con- 
iorm with the arc of curvature of the spring. This cushion is 
interposed between the two elements for two reasons, one of these 
being to avoid the strain which would be imposed upon the spring if 
attexapt was made to attach it directly to the flat or slightly curved 
spring pad on the axle. The other reason is that the cushion provides 
a more rigid fastening because thei’e is a certain amount of friction 



Fig. 277. — ^Unconventional Spring Suspensions. A — Double Semi-Elliptic Used 
on Winton Cars. B — Coil Spring and Shock Absorber Combination of, 
Liberty-Brush Rtmabouts. 


between the spring and the wood or leather piece whicli prevents 
slipping of the fastening. Authorities agree that vS])rings should 
never be fastened by means of bolts passing through the leaves^ as 
this will make a weak place in the spring which may break if 
stressed unduly at this point. 

^ Some manufacturers use distinctive forms of springs developed 
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solely for use on their product. The spring shown at Ffg. A,% 
is that employed on some models of the Winton cars and is a com-, 
pound form which consists ot two parts wdiich are virtually separate 
and distinct semi-ellii)tic springs. These are shackled up in such a 
manner tliat when the loads are light but one portion of the springy 
is used, though wlien the car is fully loaded both sections of the s|>ring 
are brought in action. It js claimed that thii- method of spring con- ^ 
striiction permits easy i-iding under all varying conditions of load 
or road surface, as tlie strength or resiliency of the springs is governed 
entirely by the demands made upon it. AVhen conditions of operation 
are severe the spring strength is augmented proportionately, and it 
b(»comes more resilient as the load is decreased. 

I'he method of suspension employed on the Brush runabout is 
outlined at Fig. B. This is distinctive inasmuch as it is the 
only motor vehicle produced in large quantities or in a commercial 
way wiiich employs helical coil springs under tension to support the 
load. It will be noted that a combined shock-absorbing and radius- 
rod devi(‘e is essential. Tbs method, wdiile extremely efficient, ap- 
pears rather unconventional and is regarded as a freak design by 
most engineers. The construction is clearly outlined in the illustra- 
tion and four such springs are emplo3'ed, one at each corner of the 
frame. 

' How Automobiles are Steered. — The problem of steering the motor 
car is a somcwdiat different one than that of directing a horse-drawn 
vehicle because in the animal-drawn conveyance the shafts which are 
attaclied to the front axle are used to turn the vehicle as w^ell as to 
pull it along. The front axle is usually pivoted at a central pomt 
and turns on a iifth-wdieel arrangement, as showm at Fig. 278 ,yA. 
When it is desired to turn in eitlier direction the animal is guided 
by the reins and the axle is turned at an angle to the body sufficient 
to allow tlie vehicle to describe a curve as sliown by the dotted lines. 
When turning sharply or in a narrow thoroughfare the construction 
is usually such tliat the front wheels may swing under the carriage 
body in such a w^ay that the front axle may be parallel with the body 
side members or at right angles to the rear axle under extreme condi- 
tions. The stability of the carriage would be very poor if it was not for ^ 
the bracing effect derived from the horsef^ weight between the shafts. 



534 ^ The Modern Gasoline Automobile 

In most motor vehicles the propulsive force is applied to the rear 
wheels and the structure is pushed from behind instead of being 
pulled, as is the case with a horse-drawn conveyance. Obviously, it 
would not be practical to turn the entire axle under the car because 
if ih described a too acute angle when the car was driven at high 



Fig. 278. — Methods of Steering Vehicles Outlined. A — Horse-Drawn Wagon 
Directed by Swinging Axle. B — Motor Car Steered by Movable Wheels 
on Fixed Axle. 


speed it would be extremely difficult to control the vcliiele. This w^as 
very ingeniously overcome by an engineer named Ackerman, who* de- 
vised the pivoted axle which is commonly accepted as the proper 
method of steering automobiles. 

This consisted of a fixed axle member, as shown at Fig. 278, B, 
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which was attached to a ^rame by snitalle 8|fri?ig8 or others means in^ 
Slid) a way that it could (mly move in a vortical uirection under the 
influence of road irre^ailarity. Idie wheels are mounted on spindlea 
carried in a >oke at eacli end of ^hc ifiyte, and when it is desired tQ 
turn an autoniohile only the wheels arc turned instead of moving the 
entire axle a.ssenihly as is the case in a horse-drawn vehi'^'le. ' ^ 

Tri order io actuate ih(* steerhig knucklcB, suitable luedianismitliat ‘ 
will 1)0 easily ()]>(‘rat(‘d must be j)laeed convenient to the driver, :Tbe 
earlier forms of automobiles were jirovided xvitli forms of tillers very 
similar to thoM* employed in controlling boats, but wliile these simple 
levers ga\e a c(‘rtain d(‘gree of satisfaction on liglit cars operated at 
slow spe(‘d<, the development of the liigher-speed veliieles made neces- 
sary more ea'^i!\ bandied and positive forms of steering gears. The 
disadvantages of the tiller are that it may be whipped out of the 
0 ])crator's hands ])y road irregularities, and it is very tiresome to hold 
because of the continual vibration. 

AVith ilie modern forms of wheel-steering devices the hands are 
always in an easy fxwilion, the wheels may be readily operated and 
because of tlu’ elimination of vibration by the feature of irreversibility 
])rovid(*d hy most stcx'ring gears of eonvrmtional construction, no road 
shock can loosen the grip of the driver, nor is he fatigued by con- 
tinued movenumt of the vvdieel. 

St(‘ering g(‘ars are made in a variety of forjus and all types have 
their adherent'^. Tlie acce])ted construction is clearly illustrated at 
Fig. A. Ill this the steering wheel is attached to a rod which 

carries a worm at iN lower end. 1diis worm meshes with a worm 
g(*ar to vvhic'h a steering ann is attaclied, and a rotary movement of 
the hand vvlu*el will produce a rt'c i procat iiig movement of the ste« r- 
ing arm at the lower end of the steering column. The steering arm 
is eou])led to one of the steering knuckles of the front axle by a 
connecting link and the movement imparted to the one steering 
knuckle is translated to the other one by means of the tiebar which 
joins them. 

The form of steering gear outlined at B is a simpler one, but it 
does not incorporate the good features of the worm-gear type. It 
consists of a spur pinion at the end of the steering post which meshes 
with the spur-gear rack actuated when the hand wheel is turned in 
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such a way that the rotary motion of the wheel is transformed to a 
reciprocating movement of the rack. The rack is directly attached to 
one of the steering knuckles by a drag link coupled to an extension 
from one of the steering arms. In a modification of this type a bevel 
gear is used at the lower end of the steering post and a bevel-gear 
sectW is utilized to actuate the drag link. The ju-incijde of action is 



Fig. 279. — ^How Front Wheels of Motor Cars are Moved. A — Conventional 
Worm-Gear Reduction Steering Arrangement. B — Simple Rack and 

Pinion System Used on Light Cars. 


the same as in the form described^ however, and while either of these 
forms may be applied to light cars and make for ready control be- 
cause they are quick acting they arc not desirable on ht'avy veliicles 
because they do not provide the feature of irreversibility which is 
necessary. 

The factor of irreversibility in steering gearing is one that was 
formerly a point of contention among authorities on automobile con- 
struction. It was argued that the irreversible form does not provide 
that quick action which is considered necessary to secure prompt con- 
trol of the car. At the other hand, the strictly reversible gear such as 
the spur rack and pinion, which is especially quick acting, will* tire 
the operator whenever the car is operated on rough roads, as every 
inequality of the road service will tend to produce a corresponding 
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side motion of the wheel which will mean considerable play at the 
rim of the steering wheel. 

Some engineers who contended that the worm and sector gear 
were liable to wear devised combination forms in which a screw and 



Fig. 280. — Unconventional Steering Gear Employing Threaded Steering Post 
and Movable Nut with Rack to Engage Sector on Steering Arm Shaft. 


nut principle was combined with a rack and sector gear, the object 
being to provide a largely increased bearing surface on the threads 
and gear teeth and in this manner reduce wear. 

A gear of this type is shown at Fig. 280. The nut or internally 
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threaded member is held from turning by various methods, such as 
flattening one side and having this in contact with the walls of the 
casing, by the use of keys or dovrel pins, or merely by the pressure 
of the rack and sector shown in illustrations. The advantage of this 
form of steering gear is that it is wholly irreversible and at the same 
time a minimum of effort is needed on the part of the driver to 
properly control a very heavy car. The amount of movement of the 
nut, up and down, is regulated by the pitch and angle of the thread 
and as the nut is provided with a spur rack its rectilinear motion is 
transformed into an oscillating movement of the steering arm at- 
tached to the spur-gear sector. 

The worm and segment type of steering gear is without doubt the 
most popular with automobile manufacturers of this country and 
Europe. It is simple, compact, and positive in action. The steering 
post carries a worm at its lower end, as shown at Fig. 281 . This 
in turn meshes with a suitable worm wlieel or segment attached to 
the steering arm. The ^v’'orm wdien turned will ])r()(luc*e a fore and 
aft movement of the steering arm wdiicli in turn is transmitted to the 
wheels by suitable leverage. This type of gear must be maintained 
in perfect adjustment and Be well lubricated at- all times. The great- 
est defect is the wear that will exist Ijetween tlie wmrm and worm- 
gear teeth, and the difficulty of devising any really practical method of 
taking up the play. The constant oscillations of the vehicle wheels 
will cause the sector teeth and worm thread to wear at one place, 
which corresponds to the straightahead position of the gear. 

This may be taken up in most forms by the use of eccefitric bush- 
ings in Wiiich the sector shaft is mounted, these being moved in such 
a way that the sector teeth are brought into closer engagement with 
the thread of the worm. This metliod is not desirable l>ecause if the 
eccentric bushings are turned enough to take up the lost motion, 
existing between the teeth, the change in worm-gear position would 
cause binding between those portions which had not wmrn as much 
and which were brought into play only wdien it was desired to turn 
the wheels to nearly the extreme angular position. The preferred 
method is that outlined at Fig. 281 . In this a full worm wheel is 
used instead of a sector and when wear occurs at one point the worm 
wheel is removed, the hand wheel and worm are given a complete turn. 
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and the worm v^^heel is :‘eplaced in- such a way that a new set of vteitBi 
on both worm and worm gear will be in nesh. 

With all conventional forms of steering gears the object has iSeeii 
to get a complete sweep of the frmt wdieels, that is to turn them 
from one extrepie position to the other with about one and ope half 



Fig. 281. — Construction of Worm and Worm-Gear Reduction Gearing for Steering 

Purposes. 


turns of the hand wdieel. Anything slow^er than this will be so tardy 
of action that it will be difficult to steer the car properly and quickly 
at anything but low speed. On some heavy commercial vehicles, how- 
ever, it is necessary to provide lower reduction^ and two or two and a 
half turns of the steering wdieel are sometimes necessary to produce 
the proper degree of movement of the front wheels. This is not a 
point that can be seriously objected to when one considers the low 
speed of the conventional motor truck. On high-speed cars some 
authorities claim that one turn of the wheel to produce a full move- 
ment of the steering wdieel is entirely satisfactory, as it permits han- 
dling the car with minimum lag and makes it quick to respond to the 
control gearing at all speeds. 

It is common practice on most motor cars to combine the motor- 
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cc^Jfeolling leTcrs with the steering gear in such a way that the speed 
of Jiie motor may be varied as desired without the operator removing 
his hands from tlie steering wdieel. The manner in which this may 



Fig. 282. — Typical Steering Post Assembly Showing Hand Wheel and Motor 
Controlling Levers. Sectional View of Worm and Worm Wheel and 
Steering Arm Connecting Member. 


be accomplished is clearly shown in the steering-gear design depicted 
at Fig. 282. In this the steering wheel is attached to a tubular 
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steering post, through the center of which a rod Anonnted inside of 
two concentric tubes is passed. The outer tube is anchored at the 
bottom end of the steering-^ear easing and carries tlie sector on whichv^ 
the spark and throttle levers move. The short hver is attached to 
the rod passing through ihc center of the assembly, and this in turn 
actuates by means of bevel gearing an auxiliMry contul shaft mounted 
in front of the steering-gear assembly. The long lever attached to 
the tube which surrounds the central rod, and this member also carries 
a gear at its low^er end which engages a lube surrounding the spari- 
lever control shaft at the front of the steering gear. The spark 
timer or commutator is attached to the upper lever while the caiv 
buretor throttle is operated from the lever immediately below that 
controlling the spark-timing device. 

As the sector is ancliored at the lower end of the gear case it 
remains stationary when the steering wheel is turned and the motor- 
control levers always maintain a fixed relation to each other a:id the 
o]>erator. All gearing is eii(lose(l and thoroughly lubricated, and as 
there is but little chance for dirt to get in, the mechanism is 
very enduring. Ball-thrust l)earings are provided above and below 
the W'onn to take the end thrust which results when it is turned. 
This makes the gearing much easier to operate than wmuld be the case 
if the considerable amount of end thrust present w^as taken on plain 
bearings. 

Front Axle Forms. — Various front axle constructions used in auto- 
mobiles follow a common design and the same general principle of 
action prevails in all. Front axles differ from each other only in 
matters of minor constructional detail, such as the type of steering 
knuckles used and wdiether the axle is a one-piece forging or a buih- 
up structure. Axles of good design are sliowm at Fig. 283. That at 
A is composed of a one-piece I-section drop forging of steel which 
has tlie advantage of having the steering-knuckle yokes and the 
spring pads formed integral. This is the type most generally used 
because it is exceptionally strong and when properly designed is not 
unnecessarily heavy. 

One of the front hubs is shown in section in the plan view of the 
axle depicted at A. The hub is mounted on ball bearings, which in 
turn are supported by the spindle which forms part of the steering 
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-kauckle. A long through bolt passes through the steering knuckle 
and acts as a bearing for it to swivel on. Steering arms project 
from each knuckle and are joined together by a tiebar. 

The construction of the axle depicted at B is practically the same 
in general design as that shown above it. It differs in the important 



respect that the axle proper is formed of a piece of steel tubing to 
which the separately forged yokes and spring seats are secured ^by 
brazing. Those who favor the tubular axle claim greater flexibility 
and lightness combined with adequate strength, wliile the adhqj’ents 
of the I-beam construction advance the argument of exceptional 
strength and contend, that flexibility is not a point of moment com- 
pared to rigidity of the structure. As a general rule, tubular axles 
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ar^ employed on light cais, while the heavier forged form is /ililijjed: : 
extensively on the larger vehicles. Various forms of steering 
knuckles and beanngs used for mounting the front wheel are shown 
at Fig. 284. At A an Elliot type knuckle, which is provided with 
a roller-thrust bearing at ih upper end to take the thrust due to the 
weight of the car, is s])own. The wheel hub is mounted ou taper- 
roller bearings secured to die spindle in tlie usual manner. Another 



Fig, 284. — Typical Front Hub and Steering Knuckle Designs. A — ^Elliot Tjrpe 
Hub with Taper Roller Bearings. B — ^Front Hub Mounted on New Depar- 
ture “Radax” Ball Bearings. C — Mercedes Type Steering Knuckle, 
Hub Mounted on Single and Double Row Bearings. 

Elliot knuckle is depicted at B, but in this construction the front hub 
is supported on ladl hearings of the cup and cone type. The steering 
knuckle depicted at C is a modification of the Mercedes design, and 
in tliis the yoke forms ])art of llie wlieel spindle and oscillates on a 
pin carried by the end of tlie forged steel axle. Special attention 
is directed to tlie form of liall bearings utilized for supporting this 
hub. Practically all of tlie weight is taken by a large New Depart- 
ure double ])urpose bearing specially adapted to support both end 
thrust and radial loads. This forms a very effective bearing and is 
often used at points in the motor-car chassis where severe loads are 
to be resisted. The general construction of these steering knuckles 
and the mode of application of the bearings on which the hubs re- 
volve are so clearly shown that further description is not necessary. 

Typical Power Transmission Systems. — One of the factors making 
for motor-car efficiency is the system of transmission employed by 
which the power delivered by the engine is transmitted to the rear 
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wheels, and the most eflScient system is obviously that which will 
deliver the power to the rear wheels with minimum loss. The com- 
mon methods of power transmission are outlined at Fig. 285. That 
at A is the system formerly used on many liglit cars which derived 
their power from a single-cylinder engine placed lengtliwise in the 
chassis. The drive from tlie sprocket on the })lanelary gearset is by 
means of a cliain to a sprocket on the diiBFerential gear of the rear 
axle. This w^as one of the most direct metliods of transmission 
possible and was remarkably efficient as long as the cliain was kept 
clean, properly oiled, and in correct adjustment. The efficiency of 
this arrangement was very high, and about ninety per ('(‘nt of the en- 
gine power was delivered to the wheels on the direct drive and about 
seventy-tive per cent when tlic planetary gearset was in operation. 

The system sliown at B was formerly very jiopular on all classes 
of touring cars, but is seldom used at the prestmt time except in 
heavy commercial vehicles. With this system the differential gear 
is ca:rried adjacent to the gearset and driving shafts (‘xiend therefrom 
to sprockets at each side of the frame. The drive from tlie counter- 
shaft member is by means of driving chains to sprockets on each rear 
wheel. The wheels are mounted so they revolve on a stationary axle. 
It is believed that this construction is stronger than the live axle 
for heavy vehicles, and it is also used because it permits the desigitor 
to obtain a double reduction and very low ratios of speed, which 
make it very suitable for motor-truck service. The efficiency of this 
method of' driving is lower than that in which either chains or gears 
are used alone, and even wdien the gearset is in the* direct drive 
position or high-speed ratio there is a loss of twenty-five per cent in 
transmission, which gives a net efficiency of seventy-five per cent under 
most favorable conditions. When on the lower ratios, which demand 
the use of the change-speed gearing, the efficiency is reduced to about 
sixty per cent. 

Various forms of shaft-drive systems are popular at the present 
time and the two methods of employing shafts differ merely in detail. 
In the diagram shown at Fig. 285, 0, two universal joints are em- 
ployed and a length of driving shaft. One of these joints is mounted 
at the end of the gear box on the power plant unit, while the other 
flexible member is attached to the differential housing. The .drive 




1g. 285,-<^Methods of Power Transmission Employed by Motor Car Designers. 
A — Single Chain Drive from Planetary Gearset to Live Rear Axle. 
B — Side Chain System. C — ^Drive by Exposed Shaft Having Two Uni- 
versal Joints. D — ^Drive Shaft Enclosed in Torque Tube Needs but Onet 
Universal Joint. 


645 









546 The Modern Gasoline Automobile 

# 

from the shaft to the wheels may be by bevel or worm geating and 
when this system is employed it is necessary to use some form of 
radius rod member to keep tlie axle in proper relation witli the frame. 

When the method depicted at D is employed but one universal 
jdint is needed. The driving shaft is encased in a tubular member 
usually attached to the frame in sucli a manner tliat it serves as a 
radius member and permits the axle to move up and down under the 
influence of rough road surfaces, hut does not permit end movement 
of the axle. The efficiency of the shaft-driving systems is very high 
compared’ to the double-chain drive and as all parts are always en- 



Fig. 286. — Chassis of Knox Car, in which Straight-Line Driving Shaft is Utilizedy 
which Permits Power Transmission with but Minimum Loss. 


closed and rim in lubricant the efficiency may be conserved. While 
the power loss with a bevel-gear and shaft-driving system is apt to be 
a little higher than the single-chain method when both are new, 
deterioration is apt to be more rapid in the chain-driven cars. If 
care is taken to install the power plant so the propeller shaft will be 
on a straight line with the engine crank shaft, as depicted at Fig. 286, 
but fifteen per cent of the power will be lost in transmission. If the 
driving-shaft angle increases the efficiency will be lower. A safe, rule 
for estimating this is given by some authorities as one per cent loss 
for each degree of shaft inclination. This power loss is due to fric- 
tion ill the universal joints, as the amount of movement of the joint 
yokes on the cross or bearing pins increases with the angularity of the 
shaft. The universal joints will depreciate rapidly if there is too 
much movement and soon become noisy. 
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FoTir-Wheel Drive and Steer System. — Gasoline automobiles have 
been designed, where the drive is through all four wheels which 
combine directive and tractive functions. side elevation of the new 
Jeffery four-wheel drive motor truck with important parts depicted 
i^ clearly shown at Fig, 286a. In this the power is obtained by the 
regular Eambler power plant driving througli a dry disc clutch to 
a change-speed gear of special construction mounted on the chassis 
frame about midway between the front and rear axles. One drive 
shaft extends from the front end to the front axle, while a similar 
member transmits power to the rear axle, which is a duplicate of that 
used at the front of the car. 



Fig. 286b.— 'Details of Special Gearset Used in Jeffery Four-Wheel Drive Truck. 
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The special form of goar bor. necessary is outlined at Fig. 286&. 
In this the drive is through g'^aring at all speeas, there being no 
direct drive clutch, as is true of conventional gear sets. The trans- 
mission provides four speeds forward ard a reverse and in addition 
to the usual countershaft carried below the main sliaft, a quill is 
mounted below this which carries a differential gear From this 
differential two drive shaft? provided with universal juints transmit 
the power to two auxiliar}^ differentials located on the front and rear 
axles respectively. Tlie differentials on the axles in turn drive 
the wheels and as the wheels are movable to steer tlie vehicle, as 
well as rotatable to drive it, it is apparent that the final drive shafts 
which transmit power to the wheels must have universal joints to 
compensate for wheel movement when set at an angle to direct the 
vehicle. 

One of the universal joints enijdoved at tlio wheels is shown at 
Fig. 286r, The universal joint is a regular double yoke and cross type 
enclosed in a housing that protects it from the dirt and grit and which 
permits of considerable movement of the drive shaft without allowing 
the lubricant with which the universal joint is packed to escape. One 
end of the universal joint is attached to the drive shaft which runs 
to the ditferciitial on the axle, while the other yoke drives a spur 
pinion which is well supported by a taper roller bearing placed at each 
side. This spur drive pinion engages with an internal spur gear car- 
ried within the body of the wheel and applies the poAver near the 
wheel rim, thereby gaining the greatest driving leverage possible. The 
internal gear of the wheel and the pinion driving it are well housed 
to exclude grit and retain lubricant, and this housing at the same 
times serves as a brake drum. 

The wheels, one of which is shoAvn at Fig. 286c, are interchange- 
able. The two drive axles willi their universals are duplicates of 
each other and the three differential gears, consisting of that in the 
gear box and those on the axles, are all alike. The differential is a 
special Wa 3 Tie type which differs from the common construction in 
that it automatically drives the wheel which has the greatest resist- 
ance and which has traction, and this feature, coupled with the use 
of, four driving wheels, makes it possible to propel the truck if any one 
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Fig. 286c. — Sectional View of Wheel of Jeffery Truck Showing Method of Drive 

by Spur Gearing.^ 


of the four wheels has traction. It is claimed that while the truck 
has 120 inches wheel base, it will turn in a circle of twenty-two 
feet radius, which is accomplished by the four-wheel steering feature. 
There are four ample brakes, one on each wheel, and it is claimed 
that either set of two brakes is sutFicient to hold the loaded truck 
on a 30% grade. The wheel revolves on taper roller bearings car- 
ried by the wheel spindle. The steering knuckle is a special form of 
the inverted Elliot type, and not only carries the wheel spinille, but 
the frame supporting the spur driving pinion as well. The loaded 
front axle is supported by a taper roller bearing at the lower end of 
the steering knuckle which makes it possible to turn the wheel with 
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Fig. 286d. — ^Details of the Jeffery Four-Wheel Drive Construction. A — ^Azle 
End with Wheel Removed to Show Driving Gear. B — Arrangement of 
Differential Case and Universal Joints on Drive Axle. 
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mimmum exertion on the part of the operator. When the wheel 
is moved by the steering knnclde the frame carrying the spur drive 
pinion turns as well, but owing to the universal joint the drive is not 
interrupted and the wheels are all driven regardless of whether they 
ure in a straight-ahead position or at an angle to steer the car. Otlier 
vehicles have been evolved and applied as tractors for fire department 
service where tlie drive is through the front wheels only, these mem- 
bers being very similar in construction to the form described. 



JFig. 286e. — Sectional View of Front Portion of English Motor Truck Chassis 
Employing Front Wheel Drive. 


Front Wheel Drive System. — In some forms of vehicles the front 
wheels only are employed for driving even when the power is derived 
from a gasoline engine and transmitted to the wheels by some form 
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Fig. 286f.-~Plan View of Front Wheel Drive Truck Showing Location of Power 
Plant, Countershaft Assembly and other Parts. 


of mechanical transmission insiead of l)y a more flexible medium, 
such as electric current. The front end of a truck of this nature is 
clearly outlined at Fig. 286/, and tliis is really a tractor that becomes 
an integral part of tlie vehicle to which it is joined. The power is 
derived from the conventional form of four-cylinder water-cooled 
motor which delivers its power to a gear set combined with a counter- 
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shaft which is shown in the •plan view at Fig. 280/. As far as the 
location of the power plant and gearset goes and tlie method of 
coupling these members together, the consi ruction follows conventional 
practice. The difference is that instead of the drive being from the 
gpi’ockets at the end of the countershaft member to the rear whe(‘ls, 
the chains go to the front end of the car and drive the front wlioels, 
which form part of an axle of ]>eculiar design. 

One end of the distinctive axle construction is shown at Fig. 280(7, 
and in tliis the wheels are mounted in such a way tliat tlie steering is 
not interfered with while the j^ower may ])e transmitted efficiently, re- 
gardless of the degree of inclination of tlie wheel. The axle consists 
of a substantial forged mend)er having the wheel carrier mounted 
in a knuckle of the Mercedes type. The knuckle s]undle holt is in 
reality a driving shaft having bevel pinions at each end. The u])per 
of these bevel pinions is in mesh with another member of the same 
size carried l)y a bearing member attached to the axle which serves 
to support a driving shaft which joins the s))vockei at one end to tlie 
bevel gear at the other. The wheel is driven l)y a bevel gear which is 
rigidly secured to the wheel hub, and which meshes with the bevel 
pinion at the lower end of the intermediate drive shaft that forms the 
steering knuckle bolt. The power is thus transmitted from the 
sprocket, rigidly mounted on the axle through the medium of the bevel 
gearing and intermediate shaft to the driving member attached to the 
wheel hub. It will thus be a])])arent that the bev(*l gears on tlie inter- 
mediate shaft transform the rotation of the liorizontal sliaft to an 
equivalent rotary movement of the vertical intermediate drive shaft. 

With the gear construction described it will be possible to transmit 
power -without interruj)tion and with no more loss when the wheel 
carrying mem])er is at an angle than when it is in the straight-ahead 
position. When the steering knuckle is turned l)y the arm bolted to 
it, which is controlled by the usual form of tie-bar and drag-link, as in 
conventional constructions, the driving .gears do not vary their rela- 
tionship because the vertical intermediate drive shaft is mounted in 
such a way that it is independent of the movement of the wheel carry- 
ing member. It is claimed that the opportunity for power loss is con- 
siderably less with this system when the wdieels are placed at an angle 
for steering than is the case when the drive is through universal joints. 
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Fig. 286g. — How Power may be Transmitted to a Combined Driving and Steer- 
ing Wheel without Universal Joints. 


The advantage of driving a vehicle hy the front wheels is that lial ility 
of skidding is considerably reduced, and that the wheels serve to pull 
instead of jnisli the vehicle. The front wheel drive system may be 
ap])lied to chassis forms where it would be extremely difficult to use 
the rear wheel mechanical drive on account of having a very low 
carrying platform, as would be the case in vehicles designed to carry 
bulky and heavy merchandise. The front wheel drive system permits 
one to attach a low gear directly to the tractor frame and obtain 
in this way an efficient and effective motor vehicle for carrying heavy 
loads. 
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Ecftr Axle^ Forms. — In any motor car the rear axle is an impor- 
tant member as it combines two functions, one being that it is de- 
pended upon to support part of the car w’eight and that it must also 
drive the vehicle. The rear axle forms in common use are known 
as, the ^^live^^ or ^^dead^^ types. The latter is the simplest and is 
built on the same principle as that generally utilized in horse-drawn 
vehicles. 

Two types of live axles are shown at Fig. 287. That at A is 
the simplest form and in tliis the wheel hubs are mounted directly 
on the axle shaft, and these members are depended upon to carry the 
weight of the car as well as to transmit to tlie wheels the power de- 
livered to the bevel gearing and the pl*opeller sliaft. In this construc- 
tion the axles revolve in roller bearings carried by the axle housing. 
The form shown at B is known as the floating type because the 
wheel hubs are mounted directly on the substantial housing member 
which is called upon to support the weight of the car. The wheels 
can revolve freely on the housing because they are mounted on ball 
bearings. The axles float in the housing and are called upon only to 
transmit power to the hubs and are not depended upon to sustain 
any of the car weight. • 

The live axle depicted at A has been adapted to a certain extent 
on light cars, but the full floating type depicted at B is much more 
efficient and is used on heavy vehicles. It will be evident that should 
the simple form of live axle deflect under load the shafts will bind 
and considerable loss of power will obtain. In the construction out- 
lined at B the substantial housing members have ample capacity to 
sustain the load, and as the driving shaft does not become cramped 
through deflection it will deliver the power to the wheels much more 
efficiently. A strong advantage of the floating type rear axle is that 
the driving shafts and differential gearing may be removed without 
relieving the housing of the car weight. If it is desired to take the 
simple live axle shown at A apart it will be necessary to remove it 
from the car. 

, The fixed or stationary axle construction is clearly shown at Fig. 
' 8*87, ‘C. In this the wheel hubs are mounted on ball bearings which 
* permit them to revolve 'about' the fixed axle spindle. The hubs are 
]|timed by chain connection with suitable driving sprockets on a coun- 
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tershaft. The advantage cf the fixM or stationary axle construction 
is that it is a- much simplci^ assembly thaix the live axle forms, and 
as it may be constructed of few pieces it is apt to be considerably 



Fig. 287. — ^Rear Axle T3rpes Generally Used. A — Live Rear Axle Using Sliafta 
which Transmit Power and also Carry Weight Equipped with Roller Bear- 
ings. B — Full Floating Type Bevel-Gear Drive Axle. C — Stationaxy Axle 
with Chain Drive to Free Wheels. 


stronger than the built up live axles. It is contended that the lighter 
axle, which is practically free from any delicate mechanism, is moi^ 
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desirab!te because there is less weight carried directly on the tires. 
In the live axle forms some method of driving must be provided and 
some form of differential gearing must be included in the rear hous- 
ing. It is contended that while this construction is very suitable for 
l%ht cars such as roadsters, or touring vehicles, iliat it would be 
extremely heavy if it was built of ade<|uate strength to resist the 
stresses incidental to motor-truck operation. 

In the fixed or stationary axle with the wheels independent of 
each other, a differential gear must be provided just as mucli as in 
the live axle forms. Tliis member is usually driven by gearing and 
must be installed on some form of a ^countershaft arrangement wliich 



Fig. 288.— Combined Live and Stationary Axle which Combines Good Features 
of Both Types and Eliminates All Objections to Either. The Strongest 
Possible Construction. 


is attached to the frame. It is contended that mechanism supported 
by the frame which is mounted on resilient springs will not be so 
apt to get out of order as that which is attached directly to the axle, 
and which is kept from direct stress of the road shock only by 
means of the more or less resilient tires with which the wheels are 
provided. 

Axles have been evolved in which engineers sought to combine 
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the strengtli of the deat' axle with the efTiciency of the live axle, (hie 
of these combinations it. *sJion’ii at Tig. 288. jt consists of a sta- 
tionary I6ad-carryim» axle forging on which the wheels revolve, this 
serving to take the direct load of car as well as serving as a 
support for the bevei gear and dilforcnHal liousnig that receives the 
power of the engine and directs it to the wheels by n^eans of suitable 
sliafts extending thereto from each side of the gear box. These com- 
posite forms are lUH'Cssarily consjderal)ly lieavier than cither the live 
axle or the fixed axle forms as tliey are a combination of both, and 
as they are more ex])ensive in first cost and add a large item to the 
nns])riing weight of the car they are nsed very seldom at the present 
time. 

Purpose of Differential Gear. — One of the most important elements 
of any i'orjii of aiitomo))ile-driviiig system is lljc differential gear, but 
as tJiis is usually placed at a point where it is not easily seen by the 
motorist and as l)ut very little trouble is experienced from this 
mechanism, many owners of cars are not aware of its existence and 
do not realize the impoilant work performed by this relati\ely simple 
component. Witliont a differential gear it would be difficult to con- 
ti*ol the machine wdien driving around corners, so this really performs 
an important function with both steering and driving systems. 

When turning corners with a four-wheel vehicle the outer wheels 
must turn at a higher rah* of speed than the inner ones because they 
are describing a larger arc of the circle. The more sharply the 
vehicle is turned tlie greater the difference in velocity between the 
inner and outer wheels. In a liorse-drawn conveyance all the wheels 
are independent of each other and may all revolve at different speeds 
if necessary, without interfering with each othei or impairing ac- 
tion of the conveyance. In an automobile different conditions prevail 
because while the front wheels are usually independent of each other, 
tlie driving wheels must be connected together so that each will receive 
its share of tlie energy produced l)y the motor and will perform its 
quota of the w^ork incidenial to propelling tlie vehicle. 

In order to permit one of the driving wheels to turn at a lower 
speed than its mate in rounding a corner the balance or differential 
gear is used. Its simplest application is shown at Pig. 289. Prom 
this it is patent that the driving axle is split in the center and that 
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tbe-^ wheels are mounted on and driven by distinct shafts. At the 
inner end of each shaft a bevel gear is carried, these being firmly se- 
cured to the axles so they revolve with them.* The main bevel-driven 
gear, which is actuated by the driving pinion turned by the engine 



Fig. 289. — ^niustrating Differential Gear Action when Applied to Bevel-Gear 

Drive Axle, 


shaft, is mounted independent of tlie axles and is coupled to them 
by means of small bevel pinions which are applied so that they will 
drive the gears on the axle shafts. Assuming that all the gears are in 
mesh, as outlined, and that power is being applied to theniriven gear, 
and that the resistance to traction is the same at both rear wheels, 
the entire assembly comprised of driven gear, the differential pinions 
attached to it and the axle shafts revolve as a unit. 

If the resistance against the driving wheels varies so one wheel 
tends to revolve faster than the other, the differential pinions will 
not only turn around on the studs on which they arc mounted, but at 
the same time will run around the gears on the axle shafts, because 
the bevel-driven gear is carrying the studs on which tlie differential 
pinions revolve forward. When turning a corner the outer wheel 
must turn so much faster than the inner member that it is just the 
same as though one of the wheels was held stationary and the other 
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turned. If both wheels are turning forward at the same speed, the 
differential pinions remain Rlationar/ and act simply as a lock' 
which forms a driving connection bet^^een gear N“o. 1 on aade shaft 
No. 1 and gear No. Js} on axle shaft Nx 2. This vvnll mean that both , 
wheels must turn in the same direc'tion a * long as the work is uni- 
formly distributed. Just a;:^ soon as the resistances are imequal the 
differential pinions will turn on their suppo^’ting stud, and one nr em- 
ber may turn at comparatively slow speed while the otlier revolves at 
a much faster rate. 

The action of tlie differential pihions may be clearly understood 
by reference to Fig. 289 and giving due consideration to the follow- 
ing principles: Tlie same resistance at the point of contact between 
the driving wheels and the ground prevents the pinions from revolv- 
ing on their own studs, and in this case they are carried around by 
the sup])orting members and tlie ring gear. If the resistance upon 
axle shaft No. 1 is greater than that on axle shaft No. 2, the ring 
gear will rotate forward with the wheel offering tlie least resistance 
and the differential pinions will turn on their studs and run over the 
surface of tlie gear whicdi tends to remain stationary, this being the 
one against whicli tlicre is the greatest resistance. The differential 
pinions can thus turn independently of one gear wliecl and run over 
its surfa(*e without turning it, and at the same time act as a clutch- 
ing memher of sufficient capacity on the oilier gear and axle to carry 
them in the same direction as tlie ring gear and at a ratio of speed 
which will depend ujion the difference in resistance between the driv- 
ing meniliers and the ground. 

While the differential gear described is of the bevel pirdon tA'pe, 
other forms have been devised in which the differential acti m is 
obtained by means of simr gearing which utilizes the same principle 
of compensation. Various friction and leverage combinations have 
been adapted in an endeavor to secure a differential action, but these 
have eventually been displaced by the simpler and more efficient 
geared forms. The differential gear which utilizes bevel pinions is 
the form that is more generally used, and has proved to be the most 
efficient and enduring. I'lie differential gear is usually incorporated 
in the rear axle if the drive is by shaft or single chain, and in the 
countershaft if transmission is by means of side chains. The con* 
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struction of typical diiferential gears and bevel-driving gear assembly 
is clearly shown at Pigs. 290 and 291 ; the former is utilized on light 
vehicles and is mounted on flexible roller bearings, while the other 



Fig. 290. — ^Bevel-Gear Drive Assembly of Ford Light Cars Mounted on Hyatt 
Flexible Roller Bearings. 


construction is a type more suitable for heavier cars and is mounted 
on tapered roller bearings. 

Worm-Gear Driving. — A number of designers have used worm 
gearing in connection with shaft-driving systems instead of the bevel 
gears so generally adapted. The greatest development of worm driv- 
ing has taken place abroad, and very efficient and enduring mech- 
anisms have been evolved. The advantages of the worm gear are 
more apparent in motor-truck construction tlian in pleasure-car prac- 
tice, though it has been used to advantage in both classes of vehicles. 
A high degree of efliciency has been obtained by using worms of 
peculiar tooth formation which have a spiral angle often approaching 
45 degrees. Such worms may have from six to ten or twelve threads. 
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and they are perfectly reversible, when contrasted to the single- 
tlireaded worm used in steering gears, wh’ch are an irreversible form. 
Obviously the worm employed for driving an automobile must he 
perfectly reversible to be practical, as very often conditions will be 



Fig. 291. — Bevel-Gear Drive Assembly Mounted on Timken Tapered Roller 

Bearings. 


such that tlie rear wheels and worm gear to which they are attached 
must turn the worm and driving sliaft, as in descending hills, with 
the roar axle overrunning the engine. 

This form of gearing oifers many inducements and has positive 
advantages wliich commend it as a means of direct final drive. Any 
range of red ii cl ion that would bo likely to be needed may be obtained 
with but a single pair of worm gears, and reductions of twenty to one 
may be as easily accomplished as securing the higher ratios without 
the efficiency of the combination being affected. It would not be 
possible to obtain as low speed reduction as possible with worm gear- 
ing by the use of a single set of bevel gears or a single pair of sprockets 
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and <ihain connections, because the driven member would have to be 
of such large size that it would be difficult to place it within the 
confines of an ordinary axle. It is for this reason that most motor- 
truck manufacturers use a combined bevel gear and chain drive and 
a double reduction of speed between tlie engine and the rear wheel. 

Among some of the advantages advanced in favor of worm gear- 
ing may be cited: It is silent in operation; when properly designed 
it vl^ill transmit eighty-five to ninety per cent cf the engine power to 
the rear wheels on direct drive, and it is extremely enduring. Its 
efficiency under ideal conditions is equal to the most accurately ma- 
chined and finely adjusted bevel gearing, and instead of the efficiency 
becoming less as the gearing wears, it actually becomes more silent 
and freer running witli use. 

Many of the more progressive manufacturers of automobiles are 
giving the worm and worm-gear drive that consideration which means 
its eventual adoption. It has been used with succ^ess in pleasure-ear 
applications, but its greatest field of usefulness will undoubtedly be 



Fig. 292. — Worm-Gear Driving Assembly Utilized on Pierce Motor Trucks and 
Form of Worm and Worm Wheel Utilized in Power Transmission. 


the commercial vehicle industry because of its undoubted superiority 
over all other forms of gearing from which considerable reductions 
in ratio are demanded and where the efficiency of the transmission 
system should be conserved as much as possible. A typical worm- 
gear assembly and the method of mounting the worm in connection 
with the shaft drive is shown at Fig. 292, while the illustration at 
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Fig. 293 sho^^ clearly the application pf Vonp^and worm-whfeel 4rit6( 
in a live or floatjng axle construction. * • ^ ^ i 



Fig. 293.— Worm-Gear Driving Axle Used on Dennis (English) Motor Cars. 


Axles Employing Double Eeduction Gearing. — The simplest form 
of axle in which two gear reductions are necessary is the stationary 
or dead axle, but it must be used with the jack-shaft combination 
previously described. There is one gear reduction by means of bevel 
driving gearing in the countershaft assembly, and the ratio between 
the driving sprockets and the driven members attached to the wheel 
may be altered so a wide range of speed may be obtained. The use 
of a separate countershaft assembly is favored by the majority of 
builders of motor cars who find it necessary to use two speed reduc- 
tions in the driving gearing, and one of the objections which has 
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overcome in many designs by the use of oil-tiglit chain cases that 
protect both chains and sprockets from grit and dirt and insure effi- 
cient operation because the chains operate in an oil bath. 

If a driving chain is kept properly adjusted and remains clean 
and well oiled its efficiency will be very high, and chain cases are 
very desirable attachments to attain these ends. The usual form of 
chain case is depicted at Fig. 294. In this construction the ease 
proper is composed of an aluminum casting wliicli is also utilized as 
a distance member to maintain a fixed relation between tlie front 
sprocket and that on the driving wheel. When the co^'er is in place 



Fig. 294. — Method of Enclosing Driving Chain in Oil-Tight Casing to Secure 
Efficient Driving and Long Life of Mechanism. 


the assembly is oil-tight and the chain and sprockets always receive 
adequate lubrication, which tends to greater endurance <ind main- 
tenance of efficiency. 

Some engineers do not favor the chain-driving meiliod, and when 
a double speed reduction is necessary between the motor and the 
driving wheels it is incorporated directly in the rear-axle structure. 
A combination axle of this type, known as the Torbensen,^’ is de- 
picted at Fig. 295. Tiiis is in reality a combination of the live and 
dead axle forms and has been designed specifically for application in 
motor-truck work. The differential gear is carried in the casing 
attached to the back of the fixed axle and receives power from the 
engine through the drive shaft and a pair of bevel gears. The wheels 
are mounted directly on the ends of the fixed axle and are driven from 
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the differential gear Hy means of axles exteo'^ing therefrom and 
cariying driving pinions of the spur tyi>e which mesh with internal 



Fig. 296. — Sectional View of Torbensen Axle for Motor Trucks which Combines 
Features of Both “Live” and “Dead” Rear Axle Forms and which Utilizes 
Two Driving Gearing Sets. 


gears attaclied io tlie wheels. It will be eviflent that one reduction 
of speed is obtained at the bevel gearing, and this would be further 
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reduced by the difference in ratios between the spur-driving pinions 
and the internal gears carried by the wheels. 

The live-axle form shown at Fig. 20G is that used on some of tlie 
Peugeot (French) cars and also uses bevel and spur reduction gears. 
Invthis case, however, hut one spur gear is used to drive both wheels, 
this being attached directly to the differential gear ease, and tlic 
wheels are turned by live floating axles. The first speed reduction is 
by means of the bevel gears, one of whicli is driven by tlie motor, the 
other being attached to the countershaft, whicli also carries the small 
spur-driving pinion, which meshes with the large gear on the dif- 
ferential case. The efficiency of either of iliese axles will he about 
the same as that of the combinalioh countershaft and side-chain 
drives, 4 but those who favor the latter construction advance the argu- 
ment that combining a double reduction on the axle makes for greater 
unsprung weiglit than is desirable, whereas carrying the countershaft 
on the frame makes it possible to sujiport it on springs, just as the 
greater part of the power-generating and transmission mec'lianism is. 

Utility of Motor-Car Brakes. — One of the most im])ortant of the 
components of the motor-car controlling system is usually carried 
with and forms part of tlie rear constriudJon, this being the braking 
means which is utilised to bring the vehicle to a stop when it is de- 
sired to arrest forward or backward motion. It will be evident tliat 
in a horse-drawn vehicle the animal drawing it can he used as a 
brake, but that in any form of self-propelling conveyance it is essen- 
tial tliat some means of stopping be included in llie construction. 
Even if the clutch was operated in such a way that tlitf motor w^as 
disconnected from the driving wheels the conveyance would continue 
to move because it had ac(piired a certain momentum wdiich would 
increase in value with the w^eight of the car and the speed at which 
it Was driven. 

On some forms of horse-drawn vehicles, particularly tlmse of 
large capacity, some form of supplemental retarding member must 
be provided to assist the braking effect of the animal, wliich may not 
be sufficient to stop the vehicle when des(.*ending grades or*wdien 
operated with some degree of speed on the level. 

A simple form of shoe brake, such as used on a horse-drawn con^ 
veyance, is shown at Fig. 297. This consists of a brake block of 
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wood or other material • arried at the end ot a fulcrumed lever, whicn 
in turn is joined to a pedal by a connocti^g link. When it is desired 
to bring the vehicle to a stop, a iiio(le»’ate degree of pressure at the 



Fig. 297. — Simple Form of Shoe Brake Used on Horse>Drawn Vehicles. 


foot pedal Avill bring the brake block in contact with the periphery 
of the wheel, and but a very moderaie amount of pressu re suffices to 
lock the wheel in a positive manner. This construction could net be 
very well ap])lied to motor vehicles, because the action of the shoe 
against the rubber tire would be apt to produce rapid depreciation of 
these costly elements. For this reason the brakes of automobiles are 
especially designed so that they will wear instead of producing deteri- 
oration of the points to which they are applied. 

Forms of Motor-Car Brakes. — The braking members generally used 
on automobiles may be divided into two classes, eacli of these depend- 
ing upon the property of frictional adhesion between substances held 
together by considerable pressure. The usual construction is to 
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attach a drum to some portion of the cliange-speed mechanism, to 
tbe differential gear or to the wheels themselves. At the present 
time most engineers favor applying the brakes clireetly to tlie driv- 
ing wheels, and pressed-steel drums are usually fastened to tliese 
members, against which the brake acts. The retarding effect may be 
obtained either by an internal expanding shoe brake or Ijv an external 
contracting band brake. 

Tiie principal forms are outlined at Fig. 298. That at A con- 
sists of an internal expanding member consisting of two shoes which 



Fig. 298. — Internal and External Band Brakes Used on Motor Car Wheels. 


conform to the arc of the brake drums. These are spread apart 
and brouglit into forcible contact with the drums by means of a 
simple lever and toggle linkage. Another method of expanding the 
internal band so it will engage the inner surface of the drum is out- 
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lined at B. In this the toggle linkage is replaced by a cam which is 
rocked by the lever to force tiie brake shoes apari; when it is moved 
in one direction, and pennitb tliem to c’ose up and release the drum 
when it is rocked the other way. 



Fig. 299. — Typical Automobile Brake Forms. A — Two Internal Bands. 
B — Double Expanding Type. C — External and Internal Brake Combinaticn. 


The brake sliown at C consists of a steel band which is lined with 
some friction material possessing considerable resistance to heat, such 
as asbestos-wire fabric. Tlie band is attached to a double-bell crank 
lever in such a way that it will be brought into forcible engagement 
with the external surface of the drum if the end of the lever is 
moved in tlie direction of the arrow. Another form of band brake 
is depicted at Fig. 298, D. This is a much more efficient form than 
that outlined at C and it has great holding power. The band may 
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fct. adjusted as the friction material wears, and thus the brake may 
be always kept in perfect adjustment. 

The methods in which the brakes are usually mounted in auto- 
mobiles are clearly shown at Fis^. 299. At A two internal expanding 
bands are mounted inside of each brake drum, one ])air of these Inung 
connected to a pedal and used as a service brake, while tlie other is 
attached to a hand le^er and is depended u 2 )on as an einergeiicv or 



Fig, 300. — Typical Automobile Brake Assembly with Rear Wheel Removed to 
Show Application of Brake Drum to Wheel and Internal and External Bands 
on End of Axle. 

anxiliary braking member. The cast shoes are hinged at their lower 
end and are faced with friction material. They are s])read by means 
of cam expanders, and when the shoes are spread apart Uiey engage 
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the inner portion of the brake dnirns vith ccnsideriyf)le force and 
retard its motion. The brakes shown at B are similar in oj)eratioiii 
to those outlined at A., and ihe assemFy is presented merely to show 
the relation of the brake shoes to t^ie axle on which they are mounted* 
A combination of intcinal expanding and external eotistricting brakes 
is sliown at Fig. ^J'his is a very ('(nninon m^jthod oi construc- 

tion and is found on ni‘tn> cars. The iniitr brakes are usually de- 
pended on for einorger](*y servic'c, while the outer brakes, which may 
be more easily applied, are used for braking under ordinary condi- 
tions. A common ])rakc drum serves both brakes, as the expanding 
member will engage the inner periphery, wliile the external band will 
contract around the outer face of the drum. The method of install- 
ing the brake on a typical motor-car rear construction is shown at 
Fig. ;ioo. 

The braking mem])ers in automobiles have been mounted on both 
front and roar wheels, on tlie jac’k shaft of a double-chain driven car, 



Fig* 301. — Rear Hub of Metz Car Showing Multiple-Disk Brake. 


or on the propeller shaft of a bevel- or worm-gear drive arrangement. 
Brakes are not always of the internal or external band form, some 
designers having used other combinations to obtain the same results. 
The multiple-disk brake employed on the Metz car is shown at Fig. 
301. In this a series of disks is attached to and revolves with the 
wheel hub, while another group is fixed to the stationary axle. 
Pressure is brought to bear against one of the fixed disks by means 
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of pressui*e pins passing through one of the wheel-supporting cones, 
iind this p in turn communicated hy each disk to its neigh))or. The 
satrie object is attained as in a multiple-disk clutch and a larger 
. amount of braking surface is obtained by using a comparatively large 
nupaber of , small diameter disks instead of two larger members, which 
'might iiot have as much effective surface. Multiple-disk l^rakes have 
been used to some extent on foreign ears, but this is the only instance 
to the writer^s knowledge where they have been applied on a domestic 
product. 

Side slipping or skidding is one of the dangers of motoring on 
lughwa3"s which may have a slippery surface. If one turns tlie corner 
of a wet asphalt, macadam, or clay ^)avement a certain amount of 
, side-slipping action will be evident, and if the brak(^ h(‘ a])plied at 
this time this skidding tendency will be aeecntuaiod. The skidding 
tendency of a self-propelled vehicle is most noticeahle when tlie brakes 
are applied suddenly to the rear wheels, and it is evident by a swing- 
ing movement at the rear end of the car which lends io bring the 
braking wheels around to the front in the direction in which the ear 
is moving. Various means liave been proposed to eliminate this side- 
slip action, and numerous forms of lire chains, studded tire treads 
or treads with knobs, or other projections of rubber molded integral 
with them have been devised to minimize the skidding tendency. 

Application of Front-Wheel Brakes. — A nuni])er of foreign (‘ngi- 
ncers liave applied brakes to the front wheels instead of the rear 
members to reduce the skidding action. It is clainu^d tliat the a]p)li- 
cation of brakes to tlie ste(?ring members instead of the di-tving mem- 
bers will eliminate the skidding tendency, because the braking action 
would be on the w^heels which were already at tlie front (md and 
pointing in the direction in which the car was moving. There are 
a number of disadvantages which militate against the general adop- 
- tion of front-wheel brakes, these being of a nature wliicli makes them 
extremely difficult to surmount successfully. 

In the first jdace, it is rather difficult to mount tlie brakes on 
the steering knuckles and operate them from a fixed j)ortion o| the 
car. Then, again, the usual front axle, as designed at the present 
time, is not adequate to resist the torsional stresses which obtain 
v^en the motion of the car is stopped by arresting the rotation of 
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the front wheel, and some form of torque rr.ember would have to be 
provided to take care of this strain. This would |nean considerable 
mechanical ^‘oirqdication which is not necessary, as when tlie brakes 
are applied on th(^ rear wneels one (omnioii iiiPinbcr maY he used, to 
take botli liraking and dj iviu^ torque stresses, and this menil>er would 
be needed, even if the brakes were applied to tlie iront wheels, in 
order to take care of the dri\ing torque. 

If brak(‘S are applied to all four wheels, some arrangememi^ must 
1)0 provided ]»y which the fn'nt-wbcel biakes c*ould be applied first 
to do away with tlie toiKlency to skidding, while the rear brakes would 
be called upon to add to the braking effort already provided. The 
principal dilliculty in fitting up front-wheel brakes is in the arrange- 
ment of the ()})erating j>arts. These must he attaclied to the vehicle 
frame ai one end, and must also l)c sn])ported on the axle at the 
other, and as the axle is free to i.uove relative to the frame it will 
b(‘ evident that the ])r()bleni of providing a flexilde and j)ositive brak- 
ing coim<*etion will be made more difiicuH of solution wlien one con- 
siders tliat sojiie provision must be made for tlie angularity of the 
wJieels when uirning eorners. This would mean that the operating 
mechanism on one side must shorten, while that at the other side 
must Icngilien in some way to eouipensate for tlie difference in angu- 
larity of the lirakc drums. Whatever form of brake actuation* is 
used it must lie designed so tliese members will be applied with 
equal force ami at tlie same time in eacli wheel. This problem is 
not: a dillicadt one wljon the brakes are attached to the rear axle, but 
it is not easy to oiierate front-wheel brakes in a positive manner and 
insure that eaeli will be applied witli equal force. 

Various foi’iiis of front-wheel brakes are sliown at Fig. 302, Th‘ 
design sliown at A is a cam-expanded shoo which is mounted on an 
extension of tlie steering spindle. The cam is rocked -by means of 
a lever attached to it, wliieh is moved by a pin passing down through 
tlie steering knuckle bolt and resting against the end of a bell-crank 
form of l)i*ake lever carried by the axle. When the brake lever is' 
moved the movement of the end against which the pin rests is trans- 
mitted to the cam which spreads the shoe by means of the pin pass- 
ing through the steering knuckle. Another form of cam-expanding, 
brake is outlined at B. In this the cam is rocked by a lever which 
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passes down to the bottom of the steering spindle, where it is coupled 
to the operating gear by means of a steel-wire cable passing around 
a roll at the end of the steering-knuckle bolt designed to give a cer- 



'?ig. 302. — Types of Front- Wheel Brakes that Have Been Used on British Auto- 
mobiles Showing Kovel and Ingenious Methods of Brake Actuation. 


tain degree of universal motion. The shoes are kept from rubbing 
against the inner face of the drum by a coil spring joining the upper 
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extremities of the shoes to keep tliem in contact with tl:^ cam face. 
The brake shoes are supported at the bot'om in adjustable yokes, 
which may be moved out to compensate :^or wear of the brake-shoe 
surfaces. 

The method outlined at C is that used in the Argyl (Scotch) 
motor car. In this form the brakes are operated direcLly from the 
frame side instead of by bell cranks or wire ''abies attached to the 
axle. The brake is a cam-expanded shoe type, the cam being moved 
by a brake-operating rod, extending from the frame-side member to> 
the top of the fixed member employed to carry the brake band which 
forms part of the steering knuckle. The brake-operating rod is pro- 
vided with a pair of double ball-and-socket universal joints and is* 
opeiated by means of a small lever attached directly inside of the 
frame-side member. 

Front-wheel brakes have not been used to any extent on American 
motor cars, but llioy liave been applied in quite a number of instances 
abroad. The advantages advanced by the English designers for this- 
peculiar form of brake are chiefly centered around the factor of 
eliminating skidding and of being more accessible and easier to adjust 
than the rear- wheel brakes. Against these advantages one may ad- 
vance the disadvantages of complicated operating mechanism, the 
possibility of unequal braking effort, and the interference with posi- 
tive and correct steering should some one of the universal operating 
rods become stuck in such a way that it would not permit the wheel 
to turn as it should. 

Skew Bevel Drive Gearing. — ^The skew bevel or worm bevel, as it 
is sometimes called, differs from the regular form of bevel gear in 
that the teeth on pinion and ring gear are cut on an angle, as in wor n 
gearing. The construction of ty])ical skew bevel driving gears detachea 
from the differential casing is shown in illustration Fig. S02a, It is 
claimed that the skew bevel produces increased quietness of drive, as 
backlash or looseness between the teeth, which is a common cause 
of noisy action of conventional bevel gearing, is entirely eliminated 
by the angular teeth. It is also claimed that whereas ordinary bevel 
gearing has a straight line contact that the worm bevel with its 
curved teeth has one set of teeth constantly meshing while the next 
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Fig. 802a. — ^The Packard Skew Bevel Driving Gearing. 


set is becoming disengaged. This affords a continuous contact, in 
some degree tlie same as accomplished with worm gearing. 

Two-Speed Direct-Drive Axle. — ^This is an axle construction of 
recent development and is called the two-speed direct-drive axle be- 
cause, in place of a single bevel pinion and ring gear used in the 
ordinary construction, there are two bevel pinions and two ring gears 
attached to the differential casing. A typical assembly of this nature 
is shown at Fig. 30^&. The drive pinion B is integral with the 
drive shaft and always revolves with it, while the larger drive pinion 
A only revolves with the drive shaft when the sliding clutch A is 
engaged with the corresponding clutch member attached to the pinion. 
When the sliding clutch A is shifted into position, the actuating bell 
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Fig. 802b*--Outlixiiiig Coustructiott of tho Austin Two-Speed Direct Driviug Gearing Used on Rear Axle. 
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crank shifts another sliding clutch attached to the differential gear 
case which releases ring gear B and allows the engine to drive the 
differential casing and the gearing it contains through the medium 
of drive pinion A and ring gear A. 

^ When tlie other ratio is desired, the positive clutch-shifting lever 
is moved so that it brings sliding clutch A out of engagement, which 
causes a simultaneous movement of sliding clutch B so that ring 
gear B is clutched to the differential casing. It will be apparent that 
the drive is through only one set of gears at a time, the set that is 
not in use revolving idly on suitable bearings. This construction 
affords two gear ratios, each driving direct from the engine to the 
wheels without any intermediate gearing other than the regular driv- 
ing gears ordinarily employed in a one-speed axle. 

It is contended that no one single gear ratio can be just right 
for all vehicle speeds and all road conditions. The usual gear ratio 
of a single direct-drive axle ranges from 3.5 to 1 to 4 to 1, according 
to the weight and power of tlie car. If a car is geared low, higli speeds 
can only be obtained by racing the engine, but its hill-climbing abili- 
ties on the high are excellent. At the other hand, if the gear ratio 
is such that the car can be operated at high speed without racing 
the engine, it will be a poor hill climber and the low gears will have 
to be resorted to on any gradient of magnitude. In the axle shown 
there are two gear ratios, one of which is low, and which is especially 
adapted for city driving, where starting, stopping, and slowing down 
are frequent and where cautious operation is necessary. WJien con- 
ditions are more favorable, the higher direct-drive Rearing may be 
brought in action, and higher vehicle speeds are possible without a 
corresponding increase of engine revolutions. 

For example, with the lower direct-driving gears in operation, 
an engine speed of 700 revolutions per minute would mean a car 
speed of approximately 20 miles per hour, whereas if the high direct- 
drive gears are used the car will travel approximately 30 miles per 
hour, with no increase in engine speed. This increase in car speed 
without a corresponding increase in crank-shaft revolutions means 
that there is a decrease in fuel consumption for a given mileage. A 
given quantity of gas is utilized to greater advantage and produces 
more actual power at the rear wheels than with the engine turning 
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over more rapidly on the low gear ratio. Fxdotion and wear of power 
plant and transmission gearing are also materially reduced, because the 
parts are operated more slowly. When a low gear ratio is employed 
a car will vibrate very much at high \ehicle speeds on account of the 
great speed at which the motor is operating, while with the liigher 
ratios there is comparative freedom from vih.’ation, because the power 
plant is not operated at eA«^*essive speed. 

Differential Locks. — TTndcr some conditions it is undoubtedly a 
great advantage to be able tD temporarily lock the differential of a 
truck against action. ‘\^'lieuever one wheel is so situated that it slips 
readily while the other is on ground affording good traction, the truck 
can generally be moved if the differential is locked. This condition 
is sometimes met when one wheel is in a mud hole or on a wet spot 
of pavement, and it is most acute in the winter when the streets and 
roadways are icy so that one wheel may get on ice and obtain prac- 
tically no traction. 

Differential locks have been known at least since 1903, wdien they 
were applied on one steam freight wagon built in this country and 
on an Englisli steam lorry, but they have not been very extensively 
used on trucks so far. 

Among the advantages which the differential lock offers may be 
mentioned that it frequently obviates the necessity of using chains,, 
mud hooks, and similar devices, because when any vehicle is unable 
to obtain traction it is generally found that only one of the wheels 
is slipping. This advantage wmuld be more apparent when a trailer 
was being used, because it is harder to got sufficient traction to draw 
a trailer. It would also be more important if wood block or me'^al 
tires were used. Of course it takes considerable time to put on chains 
and to remove^them in order to get out of a difficult position, while 
if the chains are left on they unnecessarily consume power, and, more- 
over, they wear out quite rapidly so as to cause considerable expense. 

Also, in ease of breakage of the chain or other driving members^ 
it might be possible to complete a trip before repairs w^ere necessary. 

The chief disadvantages of the differential lock are as follows: 
First, added expense and complication due directly to its application, 
and also to the necessity of providing additional strength in the dif- 
ferential shafts, differential, and other driving parts. Second, the 
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Fig. 302c. — Outlining Two Practical Methods of Locking Differential Gear. 
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troubles which follow carelessness of the driver in leaving the differ- 
ential locked after the difficulty ims been j3a»sed. Of course continued 
driving with the differential locked caus(s unnecessary strains on all 
the driving members between the differential and +he tires, and con- 
siderable additional wear to the tires in case there are corners or 

curves in the route traveled. It is also ea«5V to see tnat Adhere the 

« 

traction is exceptionally good and a curve is encountered, immense 
stresses are imposed upon the differential, and this is probably the 
main reason why the differential lock was abandoned by some makers 
of trucks who formerly used it. 

Two forms of differential lock are showm in Fig. 302c. That 
depicted at A is the simplest form, inasmuch as it is merely necessary 
to lock the drive sprocket to the differential gear-case extension by 
inserting a locking pin through holes in sprocket and a flange at the 
end of the differential case. The other form, outlined at B, operates 
in a similar manner, except that the differential case is locked to one 
of tlie shafts to which the driving sprockets are attached by a sliding 
jaw-clutch member, as indicated. Either of tlie locks described will 
make the entire differential assembly revolve as a unit. 

Practical Worm-Gear Drive Systems. — ^I'he worm-gear drive has 
not attained the degree of popularity in America that was predicted 
for it when first aj)plied, though it is making some progress in Europe, 
more so in England tliaii in any other country. The arrangement 
of a worm-gear driving axle of English design is clearly outlined at 
Fig. 302(7, Muth all ])arts shown in correct pro]X)rtion. xks this is 
reproduced directly from an engineering drawing it will prove 
useful in showing the actual relation of the various parts to each 
other. The worm is mounted above the worm gear and is supported 
by two single-row ball bearings of the annular type which take the 
radial stresses. As there is also a large end thrust, due to the angle 
of the worm teeth, it is necessary to use a double ball-thrust member 
at the rear end of the woi’m to take the end thrust which is present 
whether the worm gear is being revolved to drive the vehicle forward 
or backward. As will be seen by the longitudinal sectional view 
through the rear construction, the worm-drive assembly is used in 
connection with a live axle, and the worm gear is attached directly 
to the case which houses the differen%l gears. The differential 
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Pig. 802d. — ^Practical Application of Worm-Gear Drive to Live Axle of 

English Design. 

assembly is supported on large single-row annular ball bearings, while, 
end-thrust bearings of the ball type are provided to hold the diflEeren- 






Fig. d02e.^Part Sectional View of the Lyons-Cnight Automobile Showing Practical Application of B^n^ht Motor 

and Worm-Gear Drive. 
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Fig. 302f.«— Plan View of the Pilot Light Car Chassis Utilizing Friction Disc Change-Speed Gearing and Single-Chain 

Drive to Live Rear Axle. 
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tial assembly in place positively so that tbe worm and worm wheel 
cannot be forced out of correct engagement by the end thrust exist- 
ing on the worm gear. The drive from the differential to the wheels 
is by conventional live axle shafts. 

An American application of the worm driving sys+em, in which 
the driving worm is jjlaced below the worm ^rear instead of above % 
is outlim‘d at Fig. 302e. The automobile depicted is a L} ons-Knight, 
which utilizes a sleeve-valve motor as a power plant. The drive from 
the motor is through a clutch of conventional construction to a uni- 
versal ball joint wliich is held in place on one of the frame cross 
members. This l)all joint encloses a univer«?al joint which is mounted 
at the front end of tlie drive shaft that takes the motor power from 
the clutch to the main member of the gcarset. This is of the three- 
speed sliding-gear type and has the countershaft mounted above the 
main shaft. An extension of the main shaft carries the driving 
worm which meshes with the worm gear on the differential casing 
that is employed to drive the wheels. The thrust bearings are mounted 
at the front end of the worm and are housed in an extension of the 
transmission case. It is said that the location of the worm at the 
bottom of the worm gear insures positive lubrication as long as there 
is any oil in the driving worm casing. 

Single-Chain Drive. — While the single-chain drive is used very 
seldom at tlie present time in large-size automobiles, it is being 
adapted to some extent on tlie lighter vehicles of the cyclecar type. 
The chassis at Fig. 302/ shows clearly a modern application of the 
one-chain system when emjiloyed in connection with friction-drive 
gearing. The power plant is located at the front end of a subframe 
member and drives a friction driving disc located approximately at 
the central point of the frame by a suitable drive shaft. The driven 
friction wheel, which is a metal member provided with a rim of straw- 
board fiber, is adaiitcd to slide laterally on a cross-shaft carried by 
the subframe member. One end of the cross-shaft extends outside 
of the subframe member and carries a sprocket. The drive from this 
to a larger sprocket on the live rear axle is by a roller chain. The 
axle construction differs somewhat from that generally employed, inas- 
much as the entire axle revolves in suitable anti-friction bearing 
boxes attached to the rear springs. 
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Wheels, Rims, and Tires — Wood and Wire Wheels Compared — Resilient or 
Spring Wheels — Advantages of Pneumatic Tires — Pneumatic Tire Con- 
struction Outlined — Forms of Tire Treads — Tire Protectors and Non- 
Skid Attachments — Demountable Rim Forms — Features of Cushion Tires 
— Solid Tire Types — Tools and Supplies for Tire Restoration — Faults of 
Tires and Their Elimination — Apparatui* for Tire Repairing. 

Befoue considering tlie forms of various tires and rims in general 
use, it will be well to give the subject of wheel construction some 
consideration. These are a very important element of the motor-car 
chassis and much of the safety and comfort of the occupants of the 
vehicle depends upon the proper selection of wheels of sufficient size 
and adequate strength. At the present time the wood wlieel is the 
most popular form in use in this country, though abroad considerable 
attention is being paid to the development -of wire and metal wheels. 

The first form of wheel to lie apjdied to automobiles was pat- 
terned after the forms used on bicycles, as it was thought that many 
of the same engineering principles applied equally well to both forms 
of conveyances; and as many of the early designers and builders of 
motor cars were formerly in the bicycle industry, it seems but natural 
that they should attempt to apply some of the experience gained in 
that field to the newer one of automobile construction. Wire wheels 
were soon supplemented by wood wheels of the artillery type, because 
these were very strong and presented an appearance that was not un- 
conventional Ixicause it did not differ very much from the wheels 
generally used on horse-drawn vehudes. 

Characteristics of Wooden Wheels. — Two forms of wooden wheels 
have been applied to automobile service. The first to be used em- 
ployed a Sarven type hub which did not prove strong enough,* and 
was later succeeded by the artillery type. The Sarven wheel is the 
form that is widely used on light carriages and wagons, and in this 
construction the spokes are forced into suitable holes made to receive 
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them and held in a wooden hnbj and the .assembly of hub, spokes 
and felloe are held together by shrinking a steel tire around the 
assembled wheel This was supplenjented by "•oine form of rim - 
adapted to take a rubber tire when used for automobile work. ‘ The 



Fig. 303. — ^Wooden Portions of Artillery Type Automobile Wheel. 


Sarven type hub did not prove satisfactory on vehicles of the self- 
propelling form, except on very light motor buggies where the drive 
was by side chain to a sprocket attached to the spokes. 

Some attempts were made to use this type of wheel on live axles 
by driving in a metal bushing in which the ke}^ay by which the 



The Modern Gasoline Automobile 




wheel was secured to the axle was formed. Considerable trouble was 
experienced by the metal bushings coming loose in the hubs and 
failing to drive the wheel. Then, again, the SarvCn tyjK) wlieel was 
not strong enough to stand the side thrusts of the heavier automobiles, 
and was soon replaced by the form at present used, in which a metal 
hub forms the center of the spoke and 
felloe assembly. 

The wooden parts of the artillery 
wheel are depicted at Fig. 303, while 
the construction of the liub can be very 
clearly understood by referring to^ 
drawings in preceding chapter. The 
ends of the spokes which fit between 
the hub flanges are wedge sliape and 
are so formed that they will fit closely 
together when assembled to produce a 
complete circle of wood which is sand- 
wiched between the wheel-hub flanges, 
held together by bolts passing througli 
them and tlie spokes. The outer end 
of the spokes is turned down to fit 
holes bored into the arcs that com- 
prise the felloe. The wheel assem- 
bly is held together in much the 
same manner as that employed in 
carriage-wheel ('onstruction, excepting 
that tlie steel rim is usually provided 
with hook section flanges made to 
hold the clincher tire generally used. 

A complete wooden-wheel assembly 
with hub, demountable clincher rim, 
and pneumatic tire is shown at Fig. 

304. 

Wire and Metal Wheels. — At the present time automobile engi- 
neers seem agreed that second-growth hickory is the only wood that 
can be used successfully in automobile-wheel construction, but it is 
becoming more difiScult to obtain this material as the production of 



Fig. 304. — Complete Artillery- 
Wheel Assembly. 
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automobiles is increased. Inr England the wood is very scarce, bo 
many designers in that country are returning to the wire-spoke type 
of wheel wdiich was used on the earlier model cars. Suitable wood 
for wheels is not easy to obtain, because it must be of such a nature 
that it will stand both a steady load and sudden sh^^cks. Hickory 
alone of all common woods combines Ihese twx features, and While 
other trees may furnish lumber that may be stronger or tougher than 
hickory, in some applications it is the only one which seems to 
combine the desired qualities. When the supply of wood decreases 
to a point where it will be difficult to obtain it promptly, it is be^ 
lieved that automobile manufacturers will be forced to use metal 
wdieels. 

This has been done by some of the producers of heavy commercial 
cars in some instances, and the metal wheels which have been applied 
may be divided into three tyjjes. Those used on the heavier vehicles- 
may be of cast stool, having a spoke and hub construction very similar 
to that of the present-day artillery wooden wheels, except the hubs 
and rims are cast integral with the spokes. This forms a very strong 
wdieel assembly; tlie only objection that can be advanced against them 
is that while stronger than w^ooden wheels they are much heavier. 
Metal wheels arc sometimes made by fastening two steel stampings 
together to form the rim and w^eb portions, these in turn being Joined 
to a separately formed flanged hub member. 

The metal wdieel most generally used, however, is the suspension 
type so commonly used in bicycles and motorcycle construction. In 
this the steel hub member is Joined to the outer rim by spokes of 
steel wire interlaced in such a manner that they hold the hub tiud 
rim together firmly. One advantage of metal wheels is that this 
material may be worked up into any desired form, and, \vhere light- 
ness is desired, one can use wire-spoke wheels and either the built-up 
pressed-steel forms or the cast-steel wheels for heavy loads. If light- 
ness is desired, light metals which are very strong are available, 
while maximum strength is obtained by the use of the highly resisting 
materials in the cast form. 

The wire wheel has attained considerable popularity in America, 
and its gradually widening field of use here as well as in England 
and on the continent shows that it is a big success, and in its improved 
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foTxns it has much to commend it for automobile service. The wire 
wheel is lighter than a wooden wheel of equal strength, there being 
a saving of at least 33 J per cent of weight wlien wire wheels are 
employed instead of the artillery type. Advocates of the wire wheel 
state that it is stronger than the wooden wlieel in both vertical and 
horizontal directions. In a wooden wheel the load is carried on the 
spokes which are under compression, wliereas in a wire wheel the 
weight is carried by the spokes which are under tension. 

A series of tests conducted abroad showed that wire wheels were 
much stronger and resisted blows of greater definite strength applied 
to the rim than wooden wheels of equivalent rated capacity. It is 
also contended that wire wheels are much more elastic and resilient 
than the wooden supporting members, and that a car equipped with 
these will be more easy riding and wear the tires less than another 
chassis of the same weight mounted on wooden wheels. Wire wheels 
are not used to any extent on heavy vehicles, and when metal wheels 
are fitted to trucks they are usually of the heavier forms. A typical 
wire-wheel assembly is shown at Fig. 305, this being a form used to 
a large extent on touring irehicles in England. 

It is claimed that with wire wheels considerably more elasticity 
is present than in wooden members and that this type of wheel is 
much easier on tires. Experiments conducted during the past two 
or three years have served to establish the belief in some quarters 
that wire wheels double the life of tires as compared to wooden 
wheels. The main reason advanced is that wire wheels are, extremely 
light at their peripheries and the reduction of weight at this point 
overcomes the flywheel effect and heavier blows of tlie wooden wheel 
rim when it strikes an obstruction in the roadway. The difference 
between the effect of shock on the tires of a wooden wheel with a heavy 
demountable rim at its peripher}'” and the wire wheel witli its light 
single rim is equal to the difference between a blow struck with a 
light hammer and one struck with a hammer weighing six or eight 
pounds. Obviously as the wheel revolves the force of the tire strik- 
ing the surface of the road is almost the same as though a blow Vere 
being struck against the tire. 

With the wire wheel the weight is suspended from seventy com- 
mon points. It is never entirely supported on one spoke in com- 
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pression as is the case with a wooden w'ieel. When an obstruction 
is met it is like striking a punching bag between ropes, as the shock 
is absorbed by the flexible steel menil^ers joining the wheel rim to 



Fig. 305. — Wire-Spoke Automobile Wheel Modified from Bicycle Practice* 


the Imb. With wooden spokes a portion of the shock is absorbed 
by the wood, l)ut a large ])art of it is transmitted directly to the 
wheel hub. 

Spring and Resilient Wheels. — Attempts have been made to build 
wheels which would have some form of flexible or yielding member 
to join the rim and the hub, instead of the rigid wood or metal 
spokes. Many spring wlieels have been evolved, the ultimate aim of 
all inventors of this form being to provide a supporting member 
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which would have sufficient resiliency so the pneumatic tire could 
be dispensed with and the troubles incidental to its use eliminaied. 

The Lipkowski spring wheel is depicted at Fig. 306, this being 
a fairly good example of the radial coil-spring form whic^h is said to 
have'^givcn fairly satisfaciory results in its trials. In this construc- 
tion the hub and felloe are composed of two members held together 



Fig. 806.— Steel Resilient Wheel Having Coil Springs Separating Hub and Rim 

Members. 


by bolts. These retention members form the journals for the loops 
on the end of the spring, while the spaces between the outer portions 
of the wheel felloe are a sufficient distance apart to act as a guide 
for the four solid metal spokes which are spaced ninety degrees apart 
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and which radiate from the outer periphery of the hub member. 
Twelve springs are used, these being mo anted in sets of three, each 
set occupying tlie space between the two spokes. 

The resilient iriembers arc attached in such a manner tl|ai they 
are subjected to alternate compression and tension loads. Those at 
the top of the wlieel are under tension, while tiiose at the 'dower 
portion are under compression. The four rigid steel spokes engage 
suitable lu’ojections on tlie iiinide of the felloe and are depended on 
to keep tlie wheels steady against side blows and to furnish a posi- 
tive means of driving when wdieel is used as a traction member. 
The disadsantage of tliis type of construction is tliat the springs are 
liable to break and that the construction is very heavy when com- 
pared to wooden wlu'cls. It is claimed that this type of wheel is 
fifty per (*ent heavier than an ordinary wooden wheel of greater 
strength. Another disadvantage of spring wheels of this pattern is 
that tliey are apt to l>e noisy in action, which is not desirable. 



Fig. 307. — Spring Wheels Designed to Provide a Resilient Support for Automo* 
biles without Using Pneumatic Tires. 


Two other forms of spring wheels are shown at Fig. 307. That 
at A employs a series of radial compression springs which provide 
the resilient feature, while the strength is obtained by means of the 
plungers fastened to the upper member which is attached to the 
wheel rim ; these in turn fit the cylinders attached to the outer 
periphery of the inner wheel. The spring serves to keep these mem- 
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\ beife^iJeparated at all times. In the construction outlined at B the 
spokes are flat springs, curved in a peculiar manner, and join the 
XJentral hub member with the outer rim. Neither one of the forms 
shown have been adapted practically, and the illustrations are 
presented merely to show freak constructions which have but little 
practical value.’ 

It may be said of all forms of spring wheels that their disad- 
vantages are of sufficient magnitude to make those which are advanced 
against the pneumatic tire seem simple by comparison. While pneu- 
matic tires may fail on the road, they may he easily restored or 
repaired and the journey continued with hut litile interruption. If 
members of a spring or resilient wdieel should fail in service the work 
of replacement would entail a degree of mecihanical skill not usually 
possessed by the average motorist. Many inventors have given this 
problem considerable attention, but it is safe to say that the rubber 
tire in either of its forms is absolutely necessary to suc(‘(‘ssfiil motor- 
vehicle operation, and that there is but little future for resilient 
wheels depending on springs or otlier metal resilient memb(‘rs to 
cushion the shocks met with when traveling over ordinary highways. 

Forms of Automobile Tires. — The wheels of automobiles, with but 
few exceptions, are provided with rub])er tires. The simplest is a 
solid band of rubber composition; next in order we have tlie various 
forms of cushion tires in which the band of rubbcT is perforated with 
a number of small holes or provided with a series of openings de- 
signed to provide greater resiliimty and make the tire more; yielding 
than the solid-rubber form. Solid tires arc invariably adapted to 
industrial conveyances. 

The most common form of tire, and that generally used on auto- 
noLobiles, is composed of a hollow rubber tube of circular section filled 
with air and protected from wear by means of an outer shoe or 
casing. The use of air under compression provid(is a very resilient 
medium for supporting the vehicle, and of the various forms of rub- 
ber tires the pneumatic form is the one that is the most desirable. 
The development of the modern automobile may be attributed largely 
to the advances made in pneumatic-tire construction, as these mem- 
bers made it possible to drive automobiles at high speed over rough 
road surfaces without stressing the mechanism or causing discom- 




Fig. 308. — Comparison of Action of Pneumatic and Solid<Rubber Tires when 
Wheel Rides Over Obstacle. 


A comparison between the action of pneumatic and solid-rubber 
tires is made at Fig. 308 so the superiority of the latter form may 
be readily understood. At A, a wheel shod with a pneumatic tire 
is shown in contact with an obstacle in the road. When the wheel 
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passes over this obstruction, the walls of the tire, which are rela- 
tively light, will deflect inward and compress the air inside of tlie 
tires. The wheel is not raised from the ground and the vehicle 
rides over the obstruction without any appreciable upward movement 
or throw of the chassis. At B a solid rubbei* tire is sliown passing 
over the same obstacle. In this case the composition is so stiff that 
it will not bend in and the wheel is raised from Ihc ground. This 
throws- the vehicle body upward, jarring both mechanism and pas- 
sengers. The severity of the jolt augments proportionately to the 
speed of the vehicle. It will be patent that the form of tire depicted 
at A, which permits the stone to imb(‘(l itself into tbe tire, will be 
much more easy riding than that form which will ride over the 
obstacle. The great advantage of a pneumatic tire is liiat it will 
give more than ordinary elasticity to the wlieel and will absorb 
most of the minor shocks that would be transmitted to the springs 
of the vehicle if noncompressible tires were used. 

Construction of Pneumatic Tires Defined. — The pneumatic tire of 
the present day is invariably of the double-tube type and is com- 
posed of two mcm])ervS, the inner tube and the shoe or (*arcass. The 
inner member is utilized to retain the air and is made of a very pure 
rubber, about an eighth of an inch thick for cars of average weight. 
While this tube is very elastic and is air-tight, it would not be strong 
enough or have adequate resistance to be run directly in (contact 
with the road surface; therefore it is necessary to protect it by a 
shoe composed of layers of fabric and rubber composition, /rhe shoe 
member is provided with beads on its inner periphery designed to 
interlock with the rim channel, as shown at Fig. 309. 

The main portion of the outer casing is composed of five or more 
layers of a Sea Island cotton fabric frictioned with high-grade 
rubber composition. This is forced into the mesh of tbe cloth by 
machinery so the fabric will be practically waterproof and will join 
intimately with the other plies by a process of vidc'anizaticm when 
the shoe is cured. Outside of the fabric body a layer of very resilient 
rubber, approximately of crescent form, known as ihc padding* is 
provided to give a certain degree of elasticity to the shoe. Between 
this member and the tread a number of pieces of heavy fal)ric called 
breaker strips are interposed to offer a certain degree of resistance 
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to any sharp object that might penetrate the tread and go through 
the padding and into the fabric body if the breaker strips were not 
interposed to deflect the puncturing object to one side. 



Fig. SlO.—Construction of Schrader Universal Tire Valve. ' 


The tread is the part of the tire that is subjected to the greatest 
stress, as it must resist the abrading influence of the road and, when 
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the tire is used on the roar wheels, the wearing v3ffect of the friction 
produced by the tractive et¥ort which exLts at the point of contact 
between the driving member and the ground. The tread is of very „ 
tough rubber composition and differs from the material used as 
padding or for the inner tube in that it does not possess a very great 
degree of elasticity. Tins quality is saciifieed for that of greater 
strength and resistance to wear, which is more essential at this 
point. 

The air is introduced into the tire through a simple form of 
automatic valve which is securely attached to the inner tube. As 
the inner tube becomes distended by the air pumped into it, it forces 
the beads of the tire outward and clinches the shoe so firmly in the 
rim channel that it will be impossible to dislodge it without the use 
of special tire irons, and then only when the air pressure is relieved 
from the inner tube. A detailed view of the valve stem in the open 
and closed position is shown at Fig. 310, and the construction of 
this simple fitting can be easily understood. The valve is held against 
its seat by a tension spring and will only 02 )en when the valve stem 
is depressed by the hand or from the pressure of the air forced 
against it when it is desired to inflate the tire. While the air pressure 
from the pump will be sufficient to force the valve from its seat, the 
air pressure from the inside of the tire only serves to hold it more 
firmly in place. 

Pneumatic tires are not always of the clincher form. Yarions 
other constnictions have been devised, some to facilitate a more ready 
removal than the clincher construction permits, while others have 
been designed to make for a more secure attachment by some me- 
chanical means. A^arious forms of quick-detaehable rims and the 
tires adapted for use with them are shown at Fig. 311. In the 
ordinary clincher tire it is necessary to force the bead over the chan- 
nel when it is desired to remove the outer casing, and while this can 
be accomplished with comparative ease on the smaller tires, it is very 
difficult to remove or apply large clincher tires. In the form shown 
at A the clincher rim is made in two parts, one of the sections being 
easily removable when the locking ring is taken out of the groove 
in which it fits. When the movable section of the rim is taken off 
the outer casing may be easily removed, as it can be slipped off 
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the fixed portion of the rim just as a belt can be removed from a 
pulley. 

The Dunlop type of outer casing is depicted at B and 0, tliese 
also being fitted to quick-detachable rims. In tlie Dunlop casing 



Fig. 311. — ^Forms of Quick-Detachable Rims which Permit Easy Removal of 

Pnematic Tires. 


retention is by a series of steel wires at the base of the tire which have 
a certain amount of holding power, which is further augmented by 



The Modern Gaf^oUne Automohile 60 ^ 

the air pressure inside of the tube. It io elaiiried for this construc- 
tion that it is more easily removed than the clincher tire when applied 
to a one-piece rim, though on the quick-detachable type shown In 
illustration one form i=? as easily removed as the other. The rim 
shown at A and E is tlie saiiie member, and it will take either clincher 
or Dunlop type casing. When used for the latter a rubber' filer 
ring is provided to fill the channel of the fixed portion of the rim, 
while the flat side of the removable portion is brought in contact 
with the casing walls instead of tlie channel or hooked side. The 
form shown at C is made exclusively for use with Dunlop type 
casings, and cannot he utilized for clincher tires. 

At D the Fisk bolted -on casing is shown. This differs from the 
other forms in that the clinchers are designed in such a manner that 
they practically form a foot or base, and when closed together wall 
keep the inner tube aw^ay from the rim, wdiicdi is not done with the 
other forms of rims. The rim proper consists of a flat band of steel 
attached to the wdieel felloe. Two locking rings are provided, one 
at either side of the tire, and tluise are held into proper relation and 
clamped tightl}^ against the base member of the shoe by means of 
bolts which pass through the enlarged beads of the casing. This 
form of attachment is very secure and the tire is held to the rim by 
mechanical means as well as air pressure. In other forms of tires 
in Avhich air pressure alone is depended upon to keep the beads in 
contact watli the rim it is possible for tires to be thrown off the 
w heels if they become deflated, though wdth the mechanically fastened 
form, as shown at D, the tire will be held in place, even when par- 
tially deflated, much more securely than in the other forms. 

The construction of inner tubes is practically the same in 
all standard makes of tires, and these are usually interchangeable, 
Tlie outer casings differ in some respects, these being merely a matter 
of detail involving the number of plies of fabric, the thickness of the 
padding, the arrangement of breaker strips, and the character of 
the tread. All the tires shown at Fig. 311 have the plain round 
tread, which is the most satisfactory for all-around use. The smooth 
tread, however, has the disadvantage in that it is liable to slip on 
muddy roads, and for this reason a number of tread forms have been 
designed to secure greater adhesion to the road or to reduce wear. 
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A round-tread tire will wear off until the breaker strips are exposed, 
and the tire should be retreaded as soon as this condition is apparent. 

The casings shown at Fig. 312 are a few of the forms which 
have been designed to secure greater wear of the tread. In that 
shown at A the tread is raised at live portions and is very thick. In 
that shown at B the tread is provided with a large number of small 



Fig. 312. — Showing Various Raised Treads Used on Pneumatic Tire Casings. 


rubber studs or projections which are depended on to prevent side 
slip more than providing any great amount of added -wear to the 
tread. The form shown at C is known as a raised-tread type, and 
in this the round tread is reenforced with a flat band running around 
the outer periphery, this providing a greater thickness of tread than 
will be possible with the round-tread construction. 

The leading forms of treads designed to secure greater traction 
than that obtained from the plain-tread forms are shown at Fig. 313. 
In the Morgan & Wright, shown at A, a large number of knobs are 
molded integral with tlie tread to prevent skidding. The Empire 
casing shown at B has a number of disks composed of strips of fabric 
rolled up and set edgewise in the tread to promote adhesion. In the 
Swinhart, which is depicted at C, strips of rubber are molded with 
the tread to form a species of basket weave. This prevents skidding, 
because the spaces between the strips will fill with mud or dirt^and 
will not slip over the road surface as readily as a smootli tread. The 
casing shown at D is provided with a number of rings molded with 
the tread to form little cups which grip the road by the suction effect 
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of the air compressed betweer the lire a ad the road svirface in the 
depressions. The Ajax nonskifl tread depicted at E is composed of 
diamond-shaped rubber pieces molded integral with the tread when 
the tire is cured A very ingenious niethol of roughening the sur- 
face of tlie tread to promote traction is that used on the .Fire- 
stone casings. In this the words Firest^me and N on-^kid 
are molded in bold lettering alternately and at an angle all around 
the shoo. 

The Harford Midgeloy tread is depicted at G. This construc- 
tion has a series of coil springs molded around the outer periphery 
of the casing. The Diamond casing outlined at H utilizes the Bailey 
rubber-stud tread, one of the first antiskidding treads to be devised. 
In the Mi(*hclin casing illustrated at I, a leather band provided*with 
steel studs, which are riveted through it and the casing, is depended 
on to prevent skidding, to secure improved traction, and to make 
the casing jiractically puncture proof from ordinary road obstacles. 
The Eepublic Staggard tread tire is shown at J. The principle of 
providing a large number of projections which is used in the forms 
depicted at A, 1), H, I, is followed on this casing as well, but these 
knobs are of such size the liability of rapid wear, which is present 
when rubber buttons of comparatively small size are used, is reduced 
and the life and antiskidding properties of the tread are augmented 
proportionately. 

AVhile the non skidding forms of tires have peculiar advantages 
which adapt them for use on soft and slippery roads, they are more 
expensive than the round -tread casings, and are really not needed a 
large part of the time. The labor of changing from the antiskid lype 
of tread to smooth casings would be considerable, and it would not 
be practical to make the changes as often as conditions imposed by 
our variable climate would make necessary. For this reason a num- 
ber of auxiliary treads and nonskid devices have been placed on the 
market, the idea being to use these in conjunction with the plain- 
tread tires when necessary. These auxiliaries may be divided into 
two classes. First, those designed merely to promote better tractive 
effort and eliminate skidding, and, secondly, those which have been 
designed to act as a protector for the casing of rubber which they 
encircle. 
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' A number of these auxiliaries are fsliovvn at P|g, 314. That at 
A is a leather tread provided with steel bfcuds on ttie tread surface, 
made in sucJi a form iiiai it is put around tlie tire, when the casmg 
is deflated and held firmly in place by blowing up the tiro agai% 
This may be classed with me tire protectors, as it ^'s believed the 
liegvy chromedeatlier band lias niueli moie resistance to ijaife or 
oilier objects wliicli miglii puncture the rubber tube, than the ^plain 
round-tread tire wmuld have. At B and (■ devic'os vdiich belong “*^0 
the 'first class are depicted. These consist of ci'oss chains attached 
to suitalJe side memliers which encircle the wdieels. Tlie oliject of 
tlie chains on Ihe tire tread is to eliminale loss-powder effort by pro- 
viding a better grij) betW'Cen tlie wdieels and road surface, and not to 
act as a protector for the outer casing excejit in a soinewdiat limited 
way. In tlie form showui at B the cross cliains are attached in such 
a manner that they lie in tlie same plane as do tlie rungs of a ladder. 
At C the cliain niemlxirs are of zigzag form. The protectors shown 
at D, P], and ¥ are very similar in principle to that outlined, at A, 
except that tlie method of securing tliem to tlie wdieel varies to a 
fWght extent. That at 1) is a form desigm^d to encircle the casing 
and can be held in place by the air pressure inside of the tire. At E 
the protector is fastened to the wheel hy a series of strap members 
which clincli under a side-retaining ring member. At F the edges 
of the protec'tor are provided wdth hooks wdiich grip the flanges of 
the clincher tire and thus hold the protector very firmly in place 
when the tire is properly inflated and tlie easing distended. 

The disadvantage of tire protectors is tliat they deiwease the 
resiliency of the tire, because leather is not as flexible as rubBer. 
especially after it has become bard by exposure to w^ater. The use 
of these protectors undoubtedly conserves the tire casing from punc- 
ture, but considerable heat is generated between the tire and the 
protector, and this may be sufficiently high to v:eaken the rubber 
casing. Most motorists favor the use of the quick-detachable chains 
to prevent skidding, because these may be (easily removed w’hen they 
are not needed. There is some labor involved in removing and re- 
placing the leatlier protectors, and these are not usually used with 
new casings on account of the decrease of tire resiliency. They are 
often applied to weak casings or shoes which have been worn to the 




Fig* 814. — Supplementary Treads and Anti-Skidding Attachments Designed to 
Use in Connection with Smooth-Tread Casings. 
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fabric, and iivhen used in 
this manner they are very 
useful in securing greater 
F-^rvice from the weak 
tires, which would have 
to be discarded if SODie 
form of protecting tread 
was not used. 

The views at Fig. 315 
show the ease with which 
Weed chain grips can 
attached to the wheel. In 
tlie view shown at A the 
chain has been applied to 
the tire and the vehicle 
lias been pushed forward 
just enough to ride over 
tlie loose ends of the 
chain, which are on the 
ground. At B the car 
has been pushed forward 
sufficiently so the loose 
ends of the chain are 
clear of the wheel, and 
the process of hooking up 
by means of little snap 
liooks is easil}'' performed, 
as outlined at C. 

Demountable Aim 
Forms. — The advantages 
of the quick - detachable 
rim over the ordinary 
clincher pattern have 
been previously consid- 
ered. It will be seen 
that it is possible to re- 
move a tire with less dif- 
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ficulty tlian is present, when tlie elinclior rijns are used. Wliile a 
defective lire may be removed and repJaced with a new one \ovy 
easily, it necessary to inflate the new tire witli air ])V means of a 
hand or power pump or with earl)onic-aci(l ^as (tarried under pressure 
in a portable gas tank. In order to reduce tlie time occtupied in 
changing tii^s, whic^li is needed to adjust the shoe ])roper]y and blow 
up the inner tube, a niiinber of demountable rims have been devised. 
The wheel felloe carries a metal rim, and to this is attac'hcd a seccmd 
member on wlii(di the tire is mountc'd. The tire-carrying rim may 
he securely attacdied to the wheel by means of suitable and quickly 
operated clam])ing bolts or rims. 

When demountable rims are fitted instead of carrying the usual 
spare outer casing, fully inflated tires arc (‘arried on rims similar to 
the demountable portions, and wlien the tire is punctur(‘d the dam- 
aged one and its rim are removed as a unit and a new, fully inflated 
member replac'cd. AVhen it is nc'cessary to remove the shoe, as in 
the ordinary siiigle-rinl construction, the operation of replacing a 
tire will take from teji to tiftenm minutes under favorabh^ (‘onditions, 
but w'ith quiek-d(iinountable rims the operation of changing a tire 
will take only two or tliree minutes. Demountable rims are more 
expemsive than the simpler forms, but the convenience and elimina- 
tion of time-consuming delay, as well as the saving in labor, more 
than conipensatc\s for the increased ('ost of equi])m(mt. 

I^ujuerous forms of demcjuntable rims have been devised, but 
few have survived the test of time and have received general appli- 
cation. At Fig. 316 a combination of quick-detachable ahd demount- 
able rims is shown. Witli this construction the advantages of both 
types are obtained without disadvantages of any moment, excepting 
those of cost of equipment, 'fhe quick-detachable type of rim makes 
it possible to change the tires very easily, should this be necessary, 
and makes for more easy removal for repairing when the damaged 
tires are restored to their efficient condition. In this form the tire- 
carrying rim is held on the felloe band by a clamping collar mounted 
on the stud and forced in place by a nut on the outer end *of the 
stud. The construction is so clearly shown that its advantages will 
be readily understood. 

The clincher type of rim has been used on many cars because it 
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has been a standard fitting for a number years, but at the present 
time it is seldom used in eonneetion with large tires, which are 
difficult to remove from tlic wheels 'iiiless used In combination with 
a demountable rim. A number of standard demountable rims which 
have received general application are shown at Fig. 317. That at 
A holds the clincher rim wliich (tarries the ^ire in place by a series 
of clamps and wedges which arc forced against the tire-carrjung rim 



Fig. 316. — Quick-Detachable Rim of the Demotmtable Form. 


by pressure of nuts carried at the end of bolts passing through the 
wheel felloe and having peculiarly sha])ed heads, which prevent the 
tire-carrying rim from moving over the inner edge of the wheel. A 
number of these bolts are provided, the spacing varying with the 
weight of ear and size of tire. On light cars one bolt to every twe 
spokes is considered ample, while on heavier vehicles a bolt may be 
used between every two spokes, which would mean that there would 
be as many clamping bolts used as there were spokes in the wheel. 

The form outlined at B is similar in construction to that outlined 
at A, except that the felloe band is a substantial member which does 
not need to be reenforced to liold the tire-carrying clincher rim 
firmly in place when the clamps are screwed home by the nuts. The 
Fisk demountable rim, used in connection with the Fisk bolted-on 
type of detachable tiro, as sliown at Fig. 311, D, is outlined in section 
at Fig. 317, C. In this a portion of the felloe is chamfered off and 
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the felloe band is made to fit. The tire carrying rim is locked in 
place by a wedge member that slides on the angular side of the felloe 
band when pressure is brought to be^'- upon its face by the nuts 
carried at the end of the bolts passing tlircugh the felloe and felloe 
band. As the wedge rides up on tlie incline it locks the tiro*carrying 
rim firmly in place and prevents eitiier lateral or circumferential 
displacement. 

In the construction depicted at D a tire-carrying rim of tl e 
clincher type is used^ and this in turn is a+tached to a ring member 
which has chamfered corners. The felloe band has two inclines, one 
designed to rest against one side of the chamfered ring, while 
other acts as a seat for the wedge-sliape locking ring, which is forced 
in place under tiie tire-carrying rim by moans of clamps and nuts. 
In order to make for quick removal, a wrench of the socket type is 
usually attached to a bit brace, such as used by carpenters, for loosen- 
ing and tightening and clamping nuts. With some forms of de- 
mountable rim it is necessary to remove the nut entirely in order to 
slip the clamp off the bolt. In others the nuts are merely loosened 
and the clam})s oil her swung or dropped out of tlie way of the tirc- 
carrying rim, which is easily slid off the felloe band. Other forms 
of demountable rims have been devised in wJiiifh tlie tire-carrying 
member is held in place by some form of expanding bands which is 
made to increase its diameter by means of wedges or cam action, but 
these are not so generally used as the types described. 

Features of Cushion Tires. — Some classes of vehicles that are not 
designed to run at high rates of speed, and which are not intended to 
carry heavy loads, are fitted vvdth cushion tires. While these do n»'^t 
have the resiliency of the pneumatic form, they have much greater 
flexibility than sol id -rubber tires. For tliis reason they are some- 
times used on tlie electrically propelled light delivery or pleasure 
vehicles and sometimes on the light-weight commercial cars of the 
gasoline t3^pe. Some of the popular forms of cushion tires are shown 
at Fig. 318 . At A tlie tire tread, which is of the dual form, is molded 
in such a manner that a series of shallow grooves are formed around 
the tire. These incline from the outside toward the center and are 
depended on to give improved traction as well as to make the tire 
more resilient. The base of the tire is pierced with a large number 
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of holes which extend clear through from side to side, so the outer 
tread or load-carrying portion is supported on a series of rubber 
bridges which are adapted to bend and provide a certain degree of 
flexibility. 

’ The cushion tire shown at B is similar in form to the conven- 
tional clincher casing, and is designed to be used on clincher rims 



Fig. 318. — Cushion Tires which Provide More Resiliency than Solid-Rubber 
Types but are Not Equal to the Pneumatic Forms. 


of the pattern commonly supplied with pneumatic tiros. I'he flexible 
feature of this tire is obtained by using a number of rubber load- 
supporting partitions to join the walls of the tire, and at the same 
time they are separated from each other by an air space of sufficient 
size so the tire will distort more easily than the conventional solid- 
rubber pattern. The cushion tire shown at C dejiends u])oii the form 
of tread to provide resiliency, and it would not be as flexible as 
either of the two forms previously considered. 

One objection to either solid or cushion tires is that a dee|) cut 
or stone bruise will seriously weaken the entire structure, whereas 
only a limited portion is really unfit for use. Tlien again, sometimes, 
when brakes are locked too suddenly, a portion of the tire may be 
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worn more than the other, part?, but* the entire efficiency of the tire 
will be affected and the strength will denend upon that of the weakest 
portion. The sectional cushion tire which is dcjucted at Fig. 319, A, 
has been evolved to make possible tl?e replacement of one or more 
injured portions without disturling the other mendws. The tire 
is composed of a sej'ies of hollow rulj])er seraients, as stiown, which 



Fig. 319. — Novel Forms of Cushion Tires. A — Cairns Detachable Segment 
Construction. B — Combination Form Comprising Heavy Tread and In- 
flatable Inner Tube. 


are held sec'urely in place by means of a dovetail structure which 
extends from the face of one segment to engage with a corresponding 
memher on one of the faces of the neighboring segment. These are 
securely fastened to the wooden felloe of tiie wlieel and into the steel 
rim hy means of holts and washers. A certain amount of ai * is 
retained in tlie spluu’ical chambers of the rubber segment by the seal- 
ing efliect of a special waslier, and this provides an air cushion which 
makes for easier riding than would be possible with a solid tire. In 
event of damage to one segment it may be removed Avithout difficulty 
and a new one substituted. 

A combination ciisliion tire composed of a heavv solid-rubber 
tread and an inner tube inflated with air to form a cushion is shown 
at Fig. 319, B. It is claimed for this constrnetion that the resiliency 
is not greatly diminished and that the tire is absolutely puncture 
proof. The tire consists of two main parts, the solid-rubber outer 
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triead^ b^ing of rubber composition and mounted on a base of fabric 
and rubber, and the air tube, which is inflated and which provides 
the resilient effect. Both members are firmly clamped between cir- 
cumferential steel flange side rings. The inner tube rests upon an 
ordinary steel rim or bonding member attached to the felloe, which 
is made wider than the usual construction and of channel form. The 
steel flanges arc extended beyond the rim and are turned over at 
their outer edge in such a way that they form grooves to hold the 
beads of the tire, and continue to the base of rubber tread, where 
they end lii a bead and leave sufficient space between them for the 
solid tread to work up and down. One of the flanges is permanently 
fastened to the felloe, while the other is removable by unscrewing 
the clamping nuts. 

It is claimed that as the flanges enclose the air tube as well as 
the weaker portions of the outer member which are subjected to the 
air pressure, a very strong eonstniction is obtained. The solid- 
rubber tread is the only portion that (oines in contact with the road, 
and provision is made to prevent the air tubes being chafed by the 
sides of the steel rim or by the edges of the outer member. When 
the solid tread encounters* an obstac^le in the road it is pi’cssed inward 
against the air tube in the same manner as the conventional form of 
outer shoe is, and more resiliency is obtained than with the rigid 
solid form. The inner tube is well protected from puncture, and it 
is also clainied that blow-outs are almost impossible, because to reach 
the inner tube it would be necessary to pierce cither the heavy solid 
tread or one of the steel side flanges. 

Forms of Solid-Rubber Tires. — On heavy commercial vehicles it is 
not practical to use pneumatic tires because these would have to be 
of very large size to carry the loads imposed by the usual heavy truck 
chassis and loaded body. As the speeds of these vehicles are not very 
high, solid-rubber tires may be employed to advantage. Tliese are 
molded from special rubber compositions in one continuous ring, and 
they are usually provided with some form of metal reenforcement at 
the bottom which insures that they will clamp tightly against the 
rim or the felloe band. Various forms of quick-detachable rims 
have been evolved to hold these members in place, and the metal 
reenforcements at the bottom vary from simple transverse wires to 
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continuous bands of steel ;nioldftd integral at the base of the rubber 
rings. . 

A number of solid tires and methods of attachment are clearly 
shown at Fig. 320. Single tiics of this form aie used on the front 
wheels of practically all trucks, tliough rhe rear members are gen- 
erally supplied with dual tires, which liave greater carrying capacity 
and which also lessen the dangers of side slip on wet pavements. 



Fig. 320. — Outlining Construction and Methods of Fastening Solid-Rubber Tires 

to Wheels. 

When twin tires are used it is desirable that they he installed in such 
a way that they can be readily removed from the wheel for replace- 
ment in event of wu^ar, and it is also thought necessary to provide 
means of attachment of such nature that they can be removed inde- 
pendently, if desired. Various dual tire forms and the method of 
holding them in place are shown at Fig. 321, The construction out- 
lined at Fig. 322 shows the application of wedges to lock the solid- 
rubber tires firmly to the wheel. 

When solid-rubber tires were first applied to trucks they were of 
such form that special machinery was needed to install them, and the 
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Fig. 321. — ^Twin Type Solid Tires for Heavy Motor Trucks and Methods of Holding Members in Place on Wheels. 
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work could only be done at depots wbeie this form of machinery 
formed part of the equipment. When accident to the tire or natural 
wear made it necessary to replace the worn member with a new one 
the wheel had to be tcmoved from the truck and sent to the tire 
company’s station to be fitted up with tires. This meant a loss of 



Fig. 322. — ^Hartford Detachable Twin Solid-Tire Construction. 


time of some map^nitude, wliieii lias been entirely overcome by the 
new demountable construction. Spare tires may be carried in stock 
and may be used to replace the damaged members without the use of 
special applying machinery in most instances and without necessitat- 
ing the removal of the wheel. 

Tools and Supplies for Pneumatic Tire Eestoration. — It has been 
previously stated that one of the chief disadvantages of pneuiuatie 
tires has been their liability of failure by puncturing the outer casing 
and penetrating the inner tube and thus providing a means for escape 
of the compressed air in the inner tube. The life of a pneumatic 
tire is decidedly uncertain and will depend on many factors outside 
of those of purely natural wear. There have been cases where outer 
casings have given satisfactory service for seven or eight thousand 
miles, but these instances have been the exception rather than the 
rule. It is the opinion of most motorists who have had practical 
experience that if an ordinary set of shoes will give a service averag- 
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ing two thousand miles that they are equal to ^e demands made upon 
them and that they are satisfactory. It may be stated that tires will 
last longer on light cars than heavy ones and the service obtained 
irom tires fitted to vehicles driven at low and moderate speeds will 



Fig. 323. — Spare Parts and Necessary Repair Equipment for Automobiles Using 

Pneumatic Tires. 
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be much greater tham%at obtained from tires fitted to high-speed 
vehicles. There is also a personal element which must be taken into 
consideration, and that is the wa^ that the car is driven and the care* 
taken of the shoos and inner 1 11 ^* 8 . 



Fig. 324. — ^Forms of Tire Irons Used in Removing and Repairing Clincher Shoes. 


It is necessary, tlierefore, in all cars using pneumatic tires to- 
carry a certain amount of equipment for handling and repairing 
these on the road. A typical outfit is shown at Fig. 323, this con- 
sisting of a spare outer casing, two extra inner tubes for replacement 
purposes, a blow-out sleeve, a number of patclies, and an acid-cure 
vulcanizing outfit for applying them. Tire irons must be provided 
to remove the casing from the rim; the jack is used to raise the wheel 
of the vehicle on which the defective tire is installed from the ground 
and make it possible to remove the tire completely from the wheel. 
The air pump is needed to inflate the repaired tube or the new mem- 
ber inserted to take its place. The talcum powder is sprinkled be- 
tween the casing and the tube to prevent chafing or heating, while 
the spare valves and valve tool will be found useful in event of dam- 
age to that important component of the inner tube. As it is desirable 
to inflate the tires to a certain definite pressure, a small gauge which 
will show the amount of compression in the tire is useful. 

The outfit sliown may be supplemented by other forms of vulcan- 
izing sets and by special tire irons to make for easier removal of the 
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outer casing. Tire irons vary in design, and most makers of tires 
provide levers for manipulating the casings, which differ to some 
extent. A set of tire irons such as would be needed with a clincher- 
tire equipment could be selected from the forms shown at Fig. 324. 
That shown at A is utilized to loosen the clincher bead from under 
the rim should it become rusted in place. After the shoe has been 
loosened from the rim flange one of the levers of the form shown at 
B, O, or D would be inserted under the bead in order to lift it over 
the rim. Two or more of these levers are provided, and the. length 
and form will vary with the preference of the motorist. It will be 
remembered that the longer levers are more easily operated than the 
abort ones, and that the length of the lover provided will depend 
entirely upon the size of the tire to be removed. 



Fig. 326. — Small Repair Kit Containing Necessary Tools and Supplies for Emer- 
gency Repairs. ^ 


Motorists, as a rule, should carry the releasing lever shown at A, 
two of the short members depicted at B, and one longer lever, such 
as the upper one of group C, or the forms D or E. The latter is a 
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combination form which may he need as a jack handle as well as a 
tire iron, and when it is supplied it is not necessary to carry a jack 
handle in the equipment. The flattened ends are generally employed 
for prying the })ead from the clincher rim, and when this has been 



Fig. 326. — ^Tools Found Useful when Repairing Inner Tubes. 


done and sufficient space exists between the bead and the rim to insert 
the curved end of tlie larger levers, considerable leverage is obtained 
and the bead may be lifted over tlie clincher rim without undue 



Fig. 327. — Portable Vulcanizer Outfit for Filling Cuts in Outer Casings or Patch- 
ing Inner Tubes. 
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exertion. The object of rounding the corners, and of making the 
working portions as broad as possible, is to reduce the liability of 
pinching the inner tube, which would be present if the irons had 
sharp edges. 

' The tire-repair material is sometimes carried in a special case, 
as shown at Fig. 325, this consisting of all parts necessary to make 
temporary repairs to be considered in proper sequence. This outfit 
is sometimes supplemented by the special tools shown at Fig. 326. 
The knife is used to cut the rubber, trim patches, etc. The stitcher 
and roller are useful in rolling the patch after it has been cemented 



to the tire to insure adhesion of the patch with the tube, while the 
wooden clamps are useful in binding the patch firmly against the 
damaged portion of the tube while the cement is drying. Some 
motorists carry small vulcanizers in order to effect more perma- 
nent repairs than would be possible with the simple patching proc- 
esses in which the adhesive powers of cement are utilized. A 
simple steam vulcanizer and molds for use in connection with it 
are shown at Fig. 327, and an acid-cure vulcanizing set which 
does not make use of any form of heating apparatus is shown at 
Fig. 328. 
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Tire-Manipnlation Hints. — Ir removing or repiacing outer casings 
considerable care must be exercised not to injure the shoe or pinch 
the inner lube. The first step is to jack up the wheel from which 
the defective tire is to be removed, this relieving the wheel of the 
car weight. The valve inside is then unscrewed in ord^r to allow any 
air that may remain in the tube to escape, and then the lock nuts 
on the valve stem and security bolts are removed so that these 
members may he lifted to release the <dinchor beads from the rim 
eliannels. If tite tire is stiff or has not been removed for some 



Fig. 329. — Special Appliance for Loosening Clincher Shoes from Rim of Wheel. 


time, a special iron, such as depicted at Fig. 329, is utilized in 
the manner shown, and the beads are pushed clear of the clincher 
rim. When the casing lias been loosened on one side, a flat tool, 
such as shown at Fig. 324, B, is inserted under the loose bead to 
act as a pry or lever to work the edge of the casing gradually over 
the rim. 

Very long levers are necessary to handle heavy, stiff tires, and 
new casings are particularly hard to remove. The shorter irons may 
be employed on the smaller casings and on shoes which have been used 
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for some time and which are more pliable than the new ones. Two 
of the levers are generally used together, one being kept imder the 
loosened edge of the bead, while the other is used to force the bead 
over the edge of the rim. When tlie outside edge of the bead has 
been forced over the rim at all points the inner tube is lifted from 
the rim and is pulled out of the shoe. The start at removing is 
made at the point diametrically opposite the valve stem. When this 
portion has been pulled clear of the rim and out of the casing it is 
not difficult to pull the rest of the tube out and finally lift the valve 
stem out of the hole tlirough which it passes in the wheel felloe, and 
take the inner tube entirely off the wli^eel. 

If the casing demands attention, or if a new case is to be used, 
the inside bead is worked over the channel of tlie clinclier rim in 
just the same manner as was done with the outside Ixjad, and after 
a start has been made and a portion of the inside bead forced over 
the rim there will l)e no difficulty in slipping the entire shoe from 
the wheel. Applying a tire is just the reverse to removing one. 
The first operation is to place the inner bead of the tire in position in 
the center of the rim by Joreing it over the outside flange. This is 
done gradually, and in order to force the remaining portion of the 
shoe it may be necessary to use long levers when the greater part of 
the casing has been applied. The next step is to work the shoe 
gradually toward the inner channel of the rim, then to insert the 
security bolts in the holes made to receive them. 

The inner tube is replaced after it has been partially inflated by 
putting the valve stem in first and then inserting the rest of tlie 
tube, being careful not to pinch it under the heads of the lugs or 
security bolts. After the inner tube has been put in place the outer 
bead of tlie tire is worked over the edge of the rim, the portion 
adjacent to the valve stem being inserted first. When working the 
remainder of the bead over the rim channel much care must be exer- 
cised to insure that the inner tube will not be pinched by the sharp 
edges of the tire levers. The object of partially inflating the inner 
tube is to distend it so there are no loose or flabby portions that are 
liable to catch under the tire bead when this is being forced in place 
over the wheel rim. 

The mechanically fastened tires are much easier to remove than 
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clincher shoes, because after Ihe retaining rims are taken off the 
wheels the outer casings can U 8 uall 3 ^ ue pulled right off the flat 
rim. The tools and the manner of using them employed in taking 
off Fisk bolted-oij tires are s])own ax Fig. 330. The clamp is employed 
when replacing the shoe and Ji serves to hckl the retaining ring and 



Fig. 330. — Tools for Removing Fisk ** Bolted On ” Casings and Method of Using 

Them. 

the bottom of the slice closed in such a way that the nuts on the 
tlirough bolts may ho easily tiglitcned up by using a socket wrenoh 
depicted at A. This wrench has a T handle with a hook end, and 
this hook is sometimes of value in prying off a retaining ring that 
has become rusted in place. The method of handling these tools 
and tliis type of tire are so clearly shown that further description 
seems unnecessary. 

Tire-removing tools are made in many forms, and more have 
been devised for use with clincher type of casings than the other 
forms because the beads on these casings sometimes become so firmly 
imbedded in the rim channels that it is extremely difficult to remove 
them, especially if the slioe has been on the rim for some time. An- 
other form of removing tool possessing a certain amount of adjusta- 
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bility which makes it adaptable for use in connection with varying 
.sizes of clincher casings, and the method of use, is shown at Fig. 331. 
In this form the main or handle portion has a piece extending from 
itvthat carries a rubber roll designed to pull against the spoke. The 
part that bears against the shoe is a separate piece, provided witli a 
number of hooks to make it possible to alter its position as desired. 
For use with a small tube the uppermost notch is used, and as the 
shoes become larger the notched piece is pulled farther up in the slot 
in which it slides on the head of the Y-shaped handle. Tools of 
this nature are extremely useful and should form pari of the equip- 
men of every motorist who uses clincher tires. 



Fig. 331. — ^Adjustable Iron for Loosening Clincher Casings That Have Stuck to 

Rims. 


Buies for Tire Selection and Inflation. — The tires used on motor 
cars are generally selected by considering the amount of loa^ sus- 
tained by the wheels of the cars, but considerable difference of opin- 
ion seems to obtain regarding' the way the weights should be esti- 
mated. Tire manufacturers believe that the entire weight of the 
vdhicla with all possible equipment and passengers must be con- 
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sidered, but there have been cases whei*e a cai has been supplied with 
tires that were inadequate because onh'^ the height of the car was 
considered in making tlie selection and the added load of passengers 
and equipment was d^arogardeO. Jt is beli'^ved desirable to provide 
rear tires that will be twenty per cent larger thari those needed 
merely to support the weight of the rear end of the vehicle, because 
in the majority of cases these members are called upon to sustain 
stresses incidental to traction as well as the sirains produced by the 
vehicle weiglit. 

It is customary to use one size tire on the four wheels, the 
thouglit being that llie shoes from the front wheels, whicli are not 
subjected to the severe service that those on the rear are called upon 
to endure, can be placed on the rear wheels when those casings be- 
come Aveakeiied by use, and their place taken by the weakened rear 
shoe, whicli may have sufficient capacity to do the work expected of 
front-wheel tires. The following table gives tlic proportion between 
vehicle weights and tire sizes that are commonly accepted by tire 
manufacturers. Tlicse figures are based on the maximum permissible 
weight of a car without passengers, but as they do not consider the 
factor of possibilities of overload, and if a motorist is having tire 


PROPORTIONS betwt:en axle loads and tire sizes adopted 

BY AMERICAN TIRE MAKERS 


2J^-inch tires, all diameters 
3 inch tires, all diameters 

3H X 28-inch tires 

3J/2 X 3()-inch tires 

3 X 32-inch tires 

34-inch tires 

33 ^ X 36-inch tires 

4 X 3()-inch tire^ 

4 X 32-inch tires 

4 X 34-inch tires 

4 X 36-mch tires 

4 X 32-inch tires 

4}^ X 34-inch tires 

X 36-inch tires 


225 pounds per wheel 
350 

400 “ “ 

450 '' ‘‘ “ 

555 

600 “ ** 

600 '' 

550 “ ** 

650 “ ** 

700 “ 

750 

700 

800 “ '' “ 

900 “ 


For weights in excess of 1,000 pounds per wheel, 6-inch tires and over are 
recommended. Weights given apply to car without pa43sengei». 
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troubles, it would be well to provide tires that are oversize and of 
more than sufficient capacity. Such members are not only more 
enduring than shoes which are barely up to the requirements, but 
they are not liable to blow out or deteriorate as fast as overloaded tires. 

Next to the selection of ^proper size tires the important con- 
sideration is that these be kept properly inflated. If a tire is not 
properly filled with air it will flatten out, and the tendency will be 
to separate the layers of fabric and rubber of which tlie slioe is com- 
posed, because of the alteration of the almost round or tubular section 
that the tire is supposed to be when in use. If a tire is properly 
inflated the walls will be braced from inside by the pressure of the 
compressed air in the inner tube, and the flattening effect will have 
no perceptible effect in producing disintegration of the fabric and 
rubber plies of the casing, 'i'he figures given in tables which follow 
are those recommended by leading tire manufacturers as l)eing most 
suitable for the various. sizes of tires listed. 

These usually take into account the increase in temperature and 
resulting pressure of the air created by the friction between the tires 
and the roads caused by prolonged running. A French authority 
has made a series of tests to determine what the increase of pressure 
would be on tires from three to four and a half inches in diameter 
under usual touring-car service conditions. These results are pre- 
sented in tabular form and should prove very interesting. The in- 
crease with larger tires is greater in proportion because the walls of 
the casings are heavier and stiffer and greater internal strains are 
produced in the fabric by the distortion of the shoe at the points of 

bending. 

* 

AIR PRESSURES FOR INFLATING PNEUMATIC TIRES RECOM- 
MENDED BY LEADING MAKERS 


Diameter of Tire, 

Maximum Weight on 

Air Pressure in Tire, 

' Inches 

Wheel, lbs. 

lbs. per Square Inch 


225 

50 

3 

350 

60 

3 ^ 

600 

70 

4 

. 750 

80 


1,000 

90 

5 

1,000 

90 
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INCREASE IN AIR PRESSURES CAUSED Bf DRIVING 


Initial i^rehsuue 

IN Tibe. Cold 

1 Working 

[ IK Tire, Warm 

Tn('BEASB Rksttltino 

FKCM Work 

Lhs. ptr Sq. In. \ 

Lt. '. ptr Sq . In. 

! -'-6m. per In,. 

71.116 1 

88-183 

i 17.067 

85.339 1 

105.750 

20 411 

99.562 

123 546 

23.084 

113.785 

141.020 

28.135 

128. (K)8 

158.588 

30.580 

142.232 

176.368 1 

34.136 


The coiivoiitional method of inflating tires ])y using a foot pump 
(loOvS not always insure that tlie tire will receive adequate inflation, 
and wlien a ])iim]) is einjdoyed it is imperative that some form of 
gaiig(‘ be ])r()vided that will register the amount of pressure inside 
of the tire in order that it will reach the figure recommended by 
tlie tire makers. Difl'erent methods of tir(‘ inflation have been de- 
vised which eliminate the necessity of using manually operated pumps. 
Obviously a sini])le expedient would he to provide a small power- 
driven pum]) that could he aiduated by any convenient mechanical con- 
nection with the engine. iXnother method is to use an air bottle, 
which is a stc'ol container in whicli air is stored under great pressure, 
''riie air is c'om]>ressed to such a point that a tank less than two feet 
long and six inches in diameter will furnish sufficient air to in- 
flate seven or eight tires of average size, or twelve to fourteen 
small ones. The tanks may be ex(dianged at small expense when 
exhausted for new containers holding a fresh supply of air. la 
some tanks gases of various kinds under high pressure are used 
and the motorist may obtain these on the same basis as air bqttles 
are supplied. 

All devices of this character are fitted with gauges to indicate the 
amount of pressure in the tire, and to prevent overinfiation. If a 
tire is not properly inflated the shoe will be liable to various kinds 
of road damage and will be easily punctured, while if the pressure is 
too high the shoe is liable to blow-out at any weak point in the 
structure. A tire-pressure gauge is a very necessary article of equip- 
ment in any car and its proper use when blowing up tires will insure 
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the best possible results if the schedule recommended by the tire 
manufacturers is adhered to. 

Tire Bepair and Maintenance. — The common causes of tire failure 
that the motorist is apt to encounter are shown at Fig. 332. The 



Fig. 382. — Sectionid View of Pneumatic Tire Showing Some Conditions Which 

Cause Failure. 
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most common is natural wear of the treac^ portion of the tire. The 
rubber compound in contact with the road surface wears away;Jn time, 
and the fabric layers which const Hufe fhe breaker strips are exposed. 
The shoe is weakened and any sharp ohje'^t in the road is apt to 
penetrate the weakened case and punctui^e the inner tu^e. Tf a num- 
ber of the layers of fabric comprising the oody of the slioc* are cut 
this constitutes a weak place in the casing and a blow-out will result 
because the few layers of fabric remaining do not have sufficient 
strength to resist the air pressure. 

A stone bruise is caused by the removal of a portion of the rubber 
tread by a sharp stone, piece of glass, etc., and is much more serious 
than a puncture ])ecause it removes some of the tire; whereas in ordi- 
nary cases of puncture a sharp object merely penetrates the casing. 
A sand blister is produced by sand or grit from tlie road working 
into a space in the tire between the tread and the fabric body through 
some neglec'ted incision or bruise. The side of the tread is often 
chafed by running the tires against curb stones or by driving in car 
tracks. J?im cuttijig is generally caused by insufficient inflation 
which permits the rim to cut into the tire and thus tends to sever the 
bead from the side of the shoe. 

The chief inner tube trouble is penetration of the wall by some 
sharp object, or the folding oyer of part of the tube walls when the 
tire Avas applied. The parts of the check valve sometimes give 
trouble and the valve leaks. In cases of valve trouble it is usually 
cheaper to replace the valve inside than it is to attempt to fix it. 
Some of the causes of valve leakage are hardening of the libber 
washer, bent stem, which prevents the valve from seating properly or 
a particle of dust or other foreign matter which would act to keep 
the valve from closing tlie air passage positivel 3 ^ 

The most serious condition that a motorist wnll meet with is a 
blow-out and usually only temporary repairs can be made on the 
road. The common methods of restoring a defective outer casing are 
depicted at Fig. 333. In this an inner sleeve, which is composed of 
a number of plies of fabric, is placed between the inner tube and the 
broken portion of the outer casing to prevent pinching of the inner 
tube by the jagged edges of the cut, and to strengthen the casing from 
the outside an outer shoe or gaiter made of leather is laced around 
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the shoe. The object of using both inside and outside reenforcing 
members in combination is to not only strengthen the weak outer 
casing but by providing an outer shoe dirt is kept from working into 
the tire. 

Punctured inner tubes may be temporarily repaired by using 
a cemented surface patch. The first step necessary is to clean the 
surface of the tube very thoroughly with gasoline and then to rough 
up the surface of both patch and portion of the tube surrounding tfie 



Fig. 333. — Temporary Casing Repairs Possible When Small Blow-Out or Large 
Puncture Occurs on the Road. 


holes with a wire scratch brush or with sandpaper. After the sur- 
faces are properly cleaned and roughened the patch and the tube are 
coated with suitable patching cement which is allowed to become 
thoroughly dry before the second coat is applied. The second coat 
is allowed to become tacky/’ which expresses a condition where the 
cement is almost dry and yet still possesses a certain degree of ad- 
hesiveness. The patch is applied to the cemented portion of the tube 
and the whole is clamped firmly together to secure positive adhesion 
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while the cementing medium h drying. Patches should always be of 
sufficient size to cover the damaged porimn and at the same time have 
about three quarters of an inch or more of the patch at all sides 
of the orifice. 

Very satisfactory repairs to both inner tubes and outer v^asings of 
a permanent nature can be made by using su.all portable vulcanizers 
which Ilia}’ be heated by either electricity or vapor. When these are 
used a special vulcanizing cement is necessary and uncured rubber 
stock must be used for patching or filling tpenings caused by punc- 
tures or blow-outs. The patch of raw material is applied to the 
cemented surface of the tube or casing and the vulcanizer heated to 
the pr()p(*r temperature. The heat of the vulcanizer causes the rub- 
ber of the j)atch to unite perfectly with the old material and forms 
an intimate bond. 

In vulcanizing the most important precaution is to maintain a 
proper temperature. IVio great a degree of heat will burn the rub- 
ber, while a proper cure cannot be effected if the temperature is too 
low. Tlie temperatures recommended for vulcanizing vary from 250 
to 375 degrees F. The lower degree of heat is used in working ma- 
terial thai has been previously cured, while the higher temperature 
is recommended for new rubber. A number of small portable vulcan- 
izers and their method of use is shown at Fig. 334. In the view at 
A the vulcanizer is heated by electric current and is provided with 
two faces, one flat, designed for use against inner tubes, and the other 
curved to conform to the curvature of outer casings. In the view A 
the vulcaniz(‘r is shown with tlie flat face in use, while at B it is 
shown clamped to an outer casing with the curved face in contact 
with tlie tread. Tiie heat is obtained by passing a current of elec- 
tricity througli suitable resistance coils imbedded in the body of the 
device. 

Where electric current is not available various forms of flame- 
heated vulcanizers may be used. In that form depicted at C the 
vulcanizer body is filled with water, which is converted into steam 
by the heat of a flame furnished by the alcohol lamp that forms part 
of the device. This form of vulcanizer is provided with a flat face 
as well as a curved one and can be used for either inner tube or outer 
casing restoration. A combination vulcanizer which is composed of 
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a large hollow cast-iron body filled with water and heated with a 
spirit lamp is depicted at D. In this the curved face and the flat 


Curved Face in Use 



Curved Face in Uae 


Fig* 384. — Methods of Using Small Electric or Vapor Vulcanizers on Tube 
and Casing Work, a Very Convenient Method of Effecting Permanent Re- 
pairs* 
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face may be used simultaneously and an Inner tube patched at the 
same time that the outer casing is being treated. As yery complete 
instructions are furnished with these suiall vuleanizers, any nxotorist 
may become familiar with their use 'without much difliculty. 

In describing the methods of removing clinche'^ casings special 
emphasis was laid on the necesoity of careful manipulation to preveat 
pinching of the inner tube. The manner in which this somewhat 



Fig. 336. — ^How Inner Tubes May Be Pinched and Ruptured if Outer Casing is 
Replaced Carelessly or if Tire Lugs Are Not Properly Placed. 

delicate member may be ruptured when applying or removing outer 
casings may be easily understood by reference to Fig. 335. At A the 
inner tube is pinched by a poorly fitting bead which does not bed 
properly into the channel of the rim. At B a portion of the inner 
tube has been caught under the bead of the shoe when this was applied 
because the tube was not properly inflated before it was inserted into 
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the casing. At C and D the inner tube has been pinched by care- 
lessly placed or poorly fitting security bolt. 

The rules to secure satisfactory operation from pneumatic tires 
tt;^ay be easily summed up. In the first place it is imperative that 
the tires be inflated to the pressures recommended by the manufac- 
turers and that they be selected with a certain margin of safety over 
the actual requirements. The tires should be kept clean and free 
from oil or grease because the oleaginous substances used for lubri- 
cation very quickly attack rubber compounds and cause crumbling 
and rapid deterioration. Oil or grease should bo wiped off as soon as 
noticed and the tire cleaned by thfe application of gasoline. Any 
small cuts or openings in the tire that may permit water to enter or 
sand to work between the fabric and the tread will cause trouble in 
time. One should be careful in driving not to apply the brakes too 
suddenly because this will lock the w^heels and w^ar the tire very 
quickly. Care should be taken not to drive in car tracks, and when 
higlmays do not have the proper surface they should be negotiated 
very carefully to avoid cutting the casings. 

Advantages of Detadiable Wheels. — Detachable wheels may be 
either of the wire wheel pattern or of the artillery construction. In 
all forms of detachable wheels two hubs are necessary : an inner mem- 
ber, which is in permanent assembly with the axle, and a removable 
outer member to which the spokes and rims are attached. In the 
Budge-Wliitworth construction, shown at Fig. 335a, tlie steel shell 
to which the spokes are laced is readily removable from the inner mem- 
ber or hub casting proper. The object of this construction is to per- 
mit the motorist to carry a spare wheel with a fully inflated tire, so 
that in event of puncture or blowout it is possilfle to remove the 
entire detachable wheel assembly affected and replace it with the 
spare member carrying the fully inflated tire which has been provided 
for replacement purposes. All detachable wheels are constructed so 
that they may be readily removed from the inner hub member, and 
the entire wheel assembly may be replaced much easier and quicker 
than replacing the ordinary form of tire. 

Another quality of some importance is the ability of the wire 
wheel with the spokes laced tangent, to absorb the shock or starting 




Fig. 335a.->Sectional View Showing Construction of Triple-Spoke Rudge-Whit* 
worth Detachable Wire Wheel. 
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or sudden application of power in the plane in which the wheel 
rotates. This quality is absent in wooden wheel construction. 

It is a well-known fact that the friction between tire and road 
generated in driving a car at even a reasonable speed results in quick 
and excessive heating of the tire structure. In the wooden wheel, 
which serves in a sense as insulation, there is a very slight ability 
to quickly dissipate heat. Wire wheels requiring only a thin metallic 
rim, the spokes serving in a. sense as cooling flanges, will dissipate 
this heat almost as quickly as it is generated. This results in keep- 
ing the tire at almost normal temperature even in very warm weather. 



Fig* 885 b.-^Principal Types of Anti-Fricflon Bearings that have been Used In 

Automobile Work. 
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Ball and Roller Bearing^. — plain bearings which have received 
wide application in all forms of machinery are not as popular in auto- 
mobile construction, because in the propelling mechanism it is 
impdVtant that the power gen';ratec! by the motor should be delivered 
to the traction members with as little loss a^ possible, i^lain bearings 
consume considerably more power than do the anti-friction type^, 
and because of this, tlie latter are employed generally throughout the 
power transmission system and wheels of all types of cars, while they 
have replaced the plain bearings used on motor crankshafts to some 
extent as u^elL Anti-friction bearings are tliose in which rolling fric- 
tion is substituted for sliding friction and consume from one-fourth 
to one-eighth as much power as plain bearing forms of equivalent 
capacity. 

All anti-friction bearings may be divided in two general classes, 
those employing balls to carry the load, as shown at A and B, Fig, 
335&, and the other types depicted at C and I), which utilize rollers. 
Tlio ball bearing depicted at A is cup and cono form patterned some- 
what after bearings that have received wide application in bicycles 
and numerous otlier light machines. Tliis ])earing has an angular 
contact, and is capable of taking radial and thrust loads. A radial 
load is one applied at a right angle to the centre line of the shaft 
passing through the bearing cone, while an end thrust is a load that 
tends to pusli the cone laterally against the cup. An angular resultant 
is a load composed of a combination of end thrust and radial stress. 
A ball or roller bearing having angular line of contact is suited to 
resist either a radial or thrust load or a combination of the two. 
Angular contact bearings, or the cup and cone type, are adjustable lo 
a certain degree, inasmuch as lost motion may be eliminated, if not 
due to bearing depreciation, by forcing the cup or cone into more 
intimate contact with the balls, providing the other member is held 
against a suitable shoulder in the housing or on the shaft. The ball 
bearing shown at B is an annular form having a vertical load line, 
and is thus adapted only for radial loads and very light end thrust. 

The roller bearing shown at C is provided with straight rolls, and 
can only take radial loads just as the ball bearing shown at B, The 
roller bearing depicted at B, which employs tapered inner and outer 
race members and correspondingly tapered rollers, is capable of resist- 
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ing end thrust as well as radial loads, but as is true of the cup and 
cone bearing depicted at A, the direction of the load must be such 
that the bearing parts will be forced more closely together. If a 
straight roller bearing or an annular ball bearing having a vertical 
line of contact is used at points where considerable end thrust exists, 
it is necessary to apply another bearing to resist the thrust. A 
double row form of bearing, which consists virtually of two cup and 
cone bearings mounted together in a common shell, has received gen- 
eral application because it can take the loads applied from any direc- 
tion. Tlie load lines are at an angle and diverge from the centre 
line of the bearing outwardly. A radial load will be resisted by both 
rolls of balls, while a thrust load from either direction will be sustained 
by the outer race and balls opposite the point of application, assuming 
that the outer race is held against an abutment or shoulder in the 
housing while the load is applied to the cone. 

The angularity of a load line of a bearing affects radial and thrust 
capacity, depending upon the angle the load line assumes with the 
horizontal or vertical centre lines of the bearing. As a bearing with 
a vertical load line hasihe greatest radial capacity and practically no 
resistance to end thrust, it follows that one with a horizontal load 
line will have the greatest thrust capacity and practically no resistance 
to radial loads. 

Eoller bearings may be made with either solid or flexible rolls. 
A solid roller should be short in order to prevent deflection or dis- 
tortion of the roll if the stress is not evenly applied. . If long solid 
rollers are used one end will tend to travel faster than the other, 
and this is apt to produce friction between the rolls and the retaining 
cage. It is contended by adherents of the flexible roll construction 
shown at Fig. 335c that this tj^pe adapts itself more readily to 
irregularities in shaft contour, and thus turns with less friction than 
do the solid rolls. The flexible roller bearings are made in two types, 
one employing long steel rolls, while the high duty type uses shorter 
rolls of high tensile strength alloy steel and accurately ground inner 
and outer race members. In the regular or long roll pattern tlie shaft 
itself is intended to form one, bearing surface, and as this is generally 
soft, the rolls must be long in order to distribute the load over more 
surface. Flexible roller bearings are wound from strip stock, so that 
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Fig- 336c, — ^Two T 3 rpes of the Hyatt Flexible Roller Bearing, 


riglit and left spirals exist in alternate rollers, and the oil will ho 
constantly circulated from one side of the bearing to the other. 

In either ball or roller bearings the effect of the load is to flatten 
the supporting members a very small amount, so that in a roller bear- 
ing the contact between the roller and race-way may be represented by 
a rectangle having a length equal to the roll, but a width so small 
that it is usually considered a line contact. In a ball bearing the flat- 
tening of the ball produces an ellipse of such small area that it is 
usually considered a point of contact. As the reduction of friction 
depends upon the amount of surface in contact, it can readily be 
understood that the form having the least amount of surface would 
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Fig, 335d. — ^Front Wheel of Heavy Truck Mounted on Double Row Bearings* 


have least friction. Ball bearings are generally employed where it is 
desirable to reduce friction to a minimum or where bearings must 
attain high speed. Boiler bearings have been widely applied 
where bearings of relatively small diameter but of large carrying 
capacity must be used, where the shafts revolve at a compara- 
tively low speed, and where maximum bearing efficiency is not im- 
portant. The motor truck wheel shown at Fig. 335d is mounted on 
ball bearings of the double row form, while the crankshaft of the 
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motor depicted at Fig. 335e is supported by single row^ annular ball 
bearings. Many other examples showing the practical application of 
all types of anti-friction bearings t. ill be found at various points in 
this work. 

Great care is needed to keep anti-friction b^^ailngs free from 
water or grit^ and also to keep them adequately lubricated. The lubri- 
cant must be a pure mineral substance, and should not contain acid 
or animal fillers, because the highly polished surfaces of the anti- 
friction members and races will be roughened by etching or rusting 
due to chemical action, and this will interfere with smooth operation 
and tend to produce rapid depreciation. A heavy bodied lubricant 
of the semi-fluid type is best adapted for use in bearings subjected to 
heavy loads and revolving at low speed. Graphite greases having 



Fig. 335e. — Sectional View of Mais Motor Truck Power Plant with Crankshaft 
Mounted on Ball Bearings. 
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about the consistency of vaseline or petroleum jelly are generally ap- 
plied for this purpose. If an anti-friction bearing is housed in an 
oil-retaining, dust-excluding housing, it is good practice to use a medi- 
um grade machine oil and operate the bearings in a constant bath of 
lubricant. Ball or roller bearings should never be driven in place or re- 
moved with a steel drift or hammer, because the races are hard steel 
and are apt to be cracked unless they are forced in place either with a 
steady pressure, as by an arbor press, or by blows applied through 
the medium of a block of hard wood or piece of Babbitt metal inter- 
posed between the hammer and the bearing. The blow should always 
be directed or the pressure exerted* against the race member that is 
being forced in place. 



CHAPTER XI 


Motor-Oar Equipment and Acce8fiorit‘s — Air- and Gas-Operated Engine Starters 
— Electric Starting Systems — Gas- and Electric Lighting Appliances and 
Their Us(* — Wind-Shield Fori.is — Shock Absorbers — Speedometer and Mih‘- 
age Indicators — Tool Equipment for Ordinary Repairs — Miscellaneous 
Supplies of Value to the Motorist — How Supplies are Carried. 


Coincident with the development of tlie motor car there has 
been produced a large number of accessories, some of which make for 
greater (‘omfort while touring and others that have material influence 
on the safety of the car and its occupants. Many accessories have 
hcjen devised for a])plication to motor cars of various classes, but 
many of these are not necessary and have but little real merit. In 
this exposition the writer will confine his remarks to tried and proven 
auxiliaries desirable to include in the motor-car equipment and which 
may really he regarded as necessary to obtain the maximum amount 
of pleasure and profit possible from motoring. 

Many of the devices listed are now supplied by manufacturers as 
regular cquipnient because they are considered as much a part of tlie 
car as some of the more important components belonging to the 
mechanism proper. Other devices of considerable value must be 
furnished by the motorist himself and when one trios to make selec- 
tions from the stock of the average supply house it is quite difficult to 
differentiate between the valuable and necessary accessories and those 
which are not needed unless one is. guided largely by the experience 
of others. 

Self-Starters for Gasoline Engines. — One of the disadvantages of 
fhe gasoline engine which has been often advanced by those favoring 
steam or electric power is that it is difficult to start it in some cases, 
and various means were devised to overcome the objection advanced. 
The early gas engines fitted with poorly designed carburetors and in- 
adequate ignition systems were often difficult to sot in motion, but. as 
the gasoline engine was improved and the multiple-cylinder form 
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gained in favor, those used during the past few years have been easy 
to start by some form of starting handle or crank and often a quarter 
turn of that member is sufficient to set the engine in motion if it was 
in proper adjustment and the various auxiliary groups were function- 
ing properly. At the present time the improvements made in the 
gasoline automobile have ])een more in the nature of detailed refine- 
ment and those engaged in producing motor cars have studied more 
carefully the various ])oints wliich make automobiles more convenient 
and more easily operated. The requirements of the present day can- 
not be met by easy starting motors because this feature is common to 
all automobiles from the smallest runabout to the heaviest touring 
car or truck. 

The present demand is for engines that are equipped with some 
form of mechanism which will make them self-starting, that is, so 
tliat the.y may be set in motion by merely pressing a button or push- 
ing a valve from the seat and not by the usual form of hand crank 
at the front of the car.* The starting handle has always been a dan- 
ger point and many ])roken arms and fractured wrists have resulted 
from a premature explosion of gas in the cylinders which forced the 
starting handle backward and against the arm or hand of the person 
starting the engine. Motor-car control lias been simplified to a point 
where many women are running cars, but the average motor requires 
the expenditure of more strength than that possessed by the average 
wwian or young person to start it. When a separate starting device 
is fitted the motor may be started as easily by a person lacking in 
strength as by one who can spin ” the engine around at will. 

Self-starters operate on two principles. First, that in which the 
crank shaft is rotated by some form of external mechanism which 
causes the j)istons to draw in a charge of gas in the usual manner and 
which is merely a meclianical substitute for hand cranking. Second, 
those systems in which a charge of gas is supplied the c.ylinders and 
ignited independently of crank-shaft rotation. Mechanical starters 
include all devices which rotate tlie shaft to produce the cycle of oper- 
ations necessary to secure the power impulse in the cylinders, and 
motion may be imparted to the crank shaft in two ways: by the use 
of independent mechanism, or by making a motor of the engine itself. 

The independent motor devices may be spring, air, or electrically 
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operated mechanisms. Spring motors have not attained the popular- 
ity that a^r or electric motors have because they weigh considerable 
and occupy more space than would be needed oy the other types. 
Their capacity is liiriitcd because the energy is supplied by a spring 



Fig. 336. — Simple Ignition Starting System Using Acetylene Gas and Hand-Oper* 
ated Distribution Valve on Dash. 


or springs which become unwound and which cannot supply any 
energy when they are uncoiled. Spring motors are usually geared to 
the crank shaft and thrown out of gear by automatic means after the 
engine is started when the springs have been wound to the proper de- 
gree of tension. Air and electric motors have received some appL- 
cation, but as a general rule it is the simpler ignition starters that are 
the vogue. 

Features of Ignition Starters. — Tt is not an uncommon thing to 
start a four- or six-cylinder motor by merely turning on a switch 
because a certain amount of unexploded gas may remain in one of the 
cylinders and this may be compressed to a point where it will explode 
as soon as an electric spark takes place in the cylinder to fire the gas. 
It is natural, then, that the first starting systems proposed should 
incorporate some means of furnishing a charge of gas to the engine 
and then exploding it. The gas supplied may be either carbureted 
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gasoline or acetylene and the conditions which exist are similar to 
those present when the engine is started on the spark. 

A simple form of gas-starting systems is outlined at Fig. 336. 
Social check valves are inserted in each cylinder head of the four- 
cylinder motor and are supplied with gas through a special form of 
hand-operated rotary distributor valve carried on the dash. The gas 
is supplied from an acetylene tank and one or two iurns of the dis- 
tributor l^andle serves to supply gas to the cylinder, the piston of 
which is at tiie upper center and in the proper position to receive the 
impact of the exploded gas. Turning on tlie switch, provided that 
the car is a form using battery ignition as an auxiliary or regular 
system, will suffice to produce a spark in the cylinder to which the 
gas has been introduced and will start the motor. 

Gasoline is sometimes used as a starting medium and when this 
is employed some form of pump is used to force an ex])lo8ive vapor 
into the cylinder. An upward movement of the pump handle draw's 
in a certain amount of gasoline from the tank and air through some 



Fig. 337. — Ignitioii Starting System in which a Hand-Operated Pump Forces 

Mixture to Cylinders. 


form of special inlet check, and when the pump handle is depressed 
the gasoline mixture is pumped into the proper cylinder through a 
pipe which is attached to some form of distributor or selector valve 
to direct the gas stream to the proper explosion chamber. A system 
which depends upon supplying gas is shown at Pig. 337. In this 
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the hand pump is placed in Iront of the operator’s seat in such a 
position that the handle may be conveniently reached by the driver 
or passenger. A (;ouple of strokes of Jhe pump suffices to supply 
enough explosive inixtuT'c to start the engine when the ignition cir- 
cuit is coinpleled. The gasoline-starting system is not as popular as 
that using acetylene gas because the latter gas will explode easier 
and the operator does not need to exercise the degree of judgment 
tliat is needed when supplying a gasoline vapor. 

Compressed-Air Starting Systems. — Two forms of air-starting sys- 
tems are in general use, one in which the crank shaft is turned by 
means of an air motor, the other class where compressed air is ad- 
mitted to tlie cylinders proper and the motor turned over because of 



Fig. 338. — Never-Miss Starting System with Special Air Motor for Mechanical 

Cranking. 


the air pressure acting on tlie pistons. A system known as the Never- 
Miss^^ is shown at Fig. 338. In this a small double-cylinder air 
pump is driven from the engine by means of suitable gearing and 
supplies air to a substantial container located at some convenient 
point on the chassis. The air is piped from the container to a dash- 
control valve and from this member to a peculiar form of air motor 
mounted near the crank shaft. The air motor consists of a piston to 
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which a rack is fastened which engages a gear mounted on the crank 
shaft provided with some form of ratchet clutch to perinit it to revolve 
only in om direc^tioii, and then only when ihe gear is turning faster 
than tlie engine crank shaft. 

The method of operation is extremely simple, the dash«confroI 
valve admitting nir from the supply funk to ihe iop of the pump 
cylinder. When in ihe position shown in cut the air ])ressure will 
force the piston and rai*k down and set the engine in motion. The 



Fig. 339. — Janney-Steinmetz Compressed-Air Starting System. 


valve is a special form and iiio piping is arranged in sucdi a manner 
that a current of air may be sent against the bottom of the piston 
when it J)as reached tlie end of its stroke to return it to the top of 
the pump cylinder. When tlie piston reaches the bottom of its stroke, 
the air is automatically cliscliarged througli a series of exliaust open- 
ings in the cylinder wall. 

An air gauge is plac^ed on the dash so that the pressure of air in 
the supply tank may he as(*ertained at a glance. If the pressure is 
lower than it should be a foot treadle is depressed and the air pump 
put into action by meshing the driven gear on the pump crank shaft 
with the driving member that supplies power from the engine. When 
the air pressure is sufficiently the treadle is released and the 
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pump ceases to supply air. A safety valve is installed on the tank to 
relieve any excess pre^su e which might accumulate if the pump is 
kept in action longer tlian ncn ded. 

Another form of air-startiug system in whicli air supplied di- 
rectly to the cylinders of the motor througu a special dietributor ar- 
rangement is shown at Fig. 339. The smah air pump is driven hj 
gear connection from tlie engine in the usual manner, and supplies 
air to a pressure tank. The distributor is driven in much 'he same 
manner and at the same s])ced as an igniuon distributor used on a 
magneto^ and the errangement of piping is such that the air is 



Fig. 340. — ^Parts of Air-Starting Group Supplied on Chalmers Cars. A^Pressure- 
Supply Valve. B — Compressed Gas Tank. C — Dash Starting button, D 
— Mechanical Distributor. E — Cylinder Check Valves. F — Gas Shut-Off. 
G — Pressure Gauge on Dash. H and I — Air Connection for Tire Infliction. 

supplied to the cylinders in the regular firing order. When the 
foot valve is dci)ressed air is admitted to the cylinders and the engine 
is kept in motion hy air pressure until it lias inspired a charge of gas 
which becomes ignited and starts tlie motor on its cycle of operation. 

The starter used on the Chalmers car and fitted io the car as 
an integral part of the ])oweT plant is shown at Fig. 340. In this a 
check valve in the head of Number 1 cylinder stores air under 
pressure in a tank carried in the body of the car. A dash valve re- 
leases air from the tank when it is desired to start the motor and this 
is carried to a distributor operating upon the same principles as the 
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ttsaal form of ignition commutator. The compressed air is sent to 
the cylinders which are ready for firing and in tliis way tlie motor is 
operated and the crank shaft turned by the air pressure until sufficient 
gas has been drawn in from the carburetor by the downwardly moving 
piston to make ignition effective. One of the disadvantages of tlie 
air-starting system shown at Pigs. 339 and 340 is that these are 
not effective if the motor should stop on dead center, i. e., when the 
piston in the working cylinder is exactly at the top of its stroke. Tliis 
condition is one that seldom obtains in a gasoline engine because the 
natural tendency is for the pistons to balance themselves in such a 
way that they are nearer the middle of their stroke than the dead 
center position. Should a motor stoj) on dead center it may be 
easily turned over a small amount by the hand crank and then tlie 
self-starting device immediateh^ becomes operative. One of the ad- 
vantages of these systems is ihat they furnish air for tire inflation 
as well as for motor-starting purposes. When used on a six-cylinder 
engine the objection advanced that the motor is liable to stop on 
dead center is not to be considered as with a four-cylinder motor. 

Electric Starting Systems. — Starters utilizing electric motors to 
turn over the engine have been recently developed, and when properly 
made and maintained in an efficient condition they answer all the 
requirements of an ideal starting device. Tlui cajiacity is very high, 
as the motor may draw current from a storage battery and keep the 
engine turning over for half an hour on a charge. The objection 
against their use is that it requires considerable complicated and costly 
apparatus which is difficult to understand and which requires the 
services of an expert electrician to repair should it get out of order. 

A typical electric starter, such as fsed on the Cadillac (tar, is out- 
lined at Fig. 341. The apparatus necessary consists of some source 
of electric-current supply, means for storing electricity, and some 
method of applying the power to rotate the engine. In the Cadillac 
system the electric current is generated by a combined motor genera- 
tor permanently geared to the engine. When the motor is riyining 
it turns the armature and the motor generator is acting as a dynamo, 
only supplying current to a storage battery. On account of the vary- 
ing speeds of the generator, which are duo to the fluctuation in engine 
speed, some form of automatic switch which will disconnect the gener- 
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ator from the battery at euob times the motor speed is not 
siitBeiently high to generate a current stronger than that delivered by 
the battery is needed. Tliese automatic switches are the only delicate 
part of the entire apparatus,* and while they require very delicate 
adjustment they seem to perform very satisfactorily in practice. 



Fig. 341. — ^Motor Generator Employed in Starting Cadillac Motor also burnishes 
Current for Ignition and Lighting. 


When it is desired to start the engine an electrical connection is 
established between the storage battery and the motor-generator unit, 
and this acts as a motor and turns the engine over by suitable gearing 
which engages the gear teeth cut into the engine fly wheel. On the 
Cadillac car the motor generator furnishes current for ignition and 
lighting as well as for starting the motor, and tlie fact that the current 
can he used for this work as well as starting justifies to a certain 
extent the rather complicated mechanism which forms a complete 
starting, lighting, and ignition system. 
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Kg. 341a.— Diagram Defining Principal Types of Electric Motor Starting Systems. 
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Electric Starting Systems for — Electric starting systems 

may be divided into a number of di-tinct typos, as shown at Pig.! 

Tt may be a single-unii sj'Atcin, as shown at A, in vi^hieh a 
single generator also acts as a starting me tor bnd igniter. The sys- 
tem shown at B is a two-unit system in. which the mechanical gen- 
erator also serves for ignition, but delivers it3 energ}^ to the crankshaft 
by means of a separate motor. Another two-unit system is outlined 
at C. Jfere a conventional high-tension magneto is fitted for igni- 
tion and the combined starting motor and carrent-generating unit 
form a separate appliance. A three-unit system, whi(*h is the most 
popular, is outlined at D. Here a mechanical generator is used solely 
for charging a storage battery, a high-tension magneto of the regular 
form is (lejicruh'd on for ignition, while the motor ‘flywheel is rotat- 
ing by a separate electric motor geared to it. There are approxi- 
mately nineteen or twenty three-unit systems on the market at the 
present time, all of which differ only in ]K)ints of minor detail. There 
are but twelve two-unit systems and three one-unit systems. 

An electric generator and motor do not complete a self-starting 
system, because some reservoir or container for electric current must 
be ])rovide(l. The current from the generator is usually stored in a 
storage l)attorv from which it can be made to return to the motor or 
to the same armature that produced it. The fundamental units of 
a self-starting system, therefore, are a generator to produce the elec- 
tricity, a storage battery to serve as a reservoir, and an electric motor 
to rotate the motor crank shaft. Generators are usually driven by 
enclosed gearing, though silent chains are used where the center 
distance between the motor shaft and generator shaft is too great for 
the gears. An electric starter may be directly connected to the gaso- 
line engine, as is the case where the combined motor-generator 
replaces the flywheel. The motor may also drive the engine by means 
of a silent chain or by direct gear reduction, as shown at Fig. 3416. 

Every electric starter must use a switch of some kind for start- 
ing purposes and most systems include an output regulator and a 
reverse current cutout. The output regulator is a simple deyice 
that regulates the strength of the generator current that is supplied 
the storage battery. A reverse current cutout is a form of check 




Fig. 341b.— Practical AppUcation of One-Unit Starting System to Motors of Conventional Design. 




Fig. 341c. — One-Unit Starting System in which Combination Motor-Generator 
Replaces Engine MywheeL 
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valve that prevents the storage battery from discharging throiigli the 
generator. 

A starting system of the one-nnit type is shown at Fig. 

Here the generator not only provides current to charge the storage 
battery, but also may be turned into a starting motor to rotate the 
engine crankshaft. The storage-battery current is used for ignition 
purposes as well as for starting and lighting. The combined motor- 
generator is attached to the side of tlie engine l)ase and its armature 
is driven by a silent chain when it is a generator, and it drives the 
crankshaft through suitable reduction gearing when the devicSt.is 
employed as a starting motor. 

The complete starting system shown at B, Fjg. 311c, is one in 
which the motor-generator replaces the gasoline engine flywheel. 
This means that it is directly connected to the motor crank shaft 
and does not employ any reduction gearing of any form. The various 
members comprising tlie 'starting system are indicated in lieavy black 
lilies, while the rest of the chassis is shown in light black lines. The 
system is simple and easily underslood. An automatic switch which 
changes the electric machine into a generator for ('barging the storage 
batteiy when tlie gasoline engine is running and the starling button 
is in its released position is one of the important parts. The regu- 
lator which mak(^s the rate of cliarging the battery the same at all 
engine speeds is placed on the dash. Tlie sim])le operation of de- 
pressing the starting button when the gasoline engine i| not turning 
changes the flywheel generaior into an elcndric moior that draws 
current from the twenty-four volt storage battery and which rotates 
the motor crank shaft. A Jeffery motor, with unit motor-generator 
replacing the flywheid, is sliown at A, Fig. 341 r. 

Two-TTnit Electric Motor Starting System. — ^^Phe application of a 
very effective two-unit starting system employed on tlie Haynes car 
is shown at Fig. 34W. Tlie generator is attached to the right side 
of the motor crank ease and is driven from the timing gear case by 
positive mechanical connection. The location of the generator in 
relation to the other portions of the power plant is outlined at A, 
and it will be observed that a pair of loads go from the commutator 
end of the generator to an automatic cut-out device attached to the 




Fig. 341d. — ^Practical Application of Two-Unil; ^System Showing Relation of the 
Various Parts to the P^er Plant, 
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Fic. 341e.— Wirine Diamm of Two-Unit Electric StartinE and FiTe-Lamo Liahtine STstem. 
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dash-board. From this fitting a pair' of wires go to the combined 
switch and junction box attached to -the left frame side member, m 
indicated. The starting mqtor, whicii is shown at B, is provided 
with a reduction gearing placed between the pinion on the end of 
the motor sliaft and engaging with the leetli cut on the fljlwbeel. 
The pinion on the end of the armature shaft drives a larger gear, 
which in turn rotates a smaller member meshing with the toothed 
flywheel, A storage hatter* is used to supply current to the start- 
ing motor, and also to the liglits, if desired. The location of the 
various jiarts and the relative jjroportions of the components of the 
starting system and power plant are so clearly outlined that further 
description seems unnecessary. 

'J^he metliod of wiring tlie combined starting and lighting system 
of the two-unit type furnished on the Hupmobile is illustrated at 
Fig. 341e. The lam})S are connected to the storage battery by what 
is termed the one-wire system/^ as but one separate conductor goes 
to each lamj), the otlier terminals being grounded to the frame which 
acts as a return for the current to the battery. The generator has 
two terminals, and a wire leading from one of these members goes 
directly to the lighting switch and fuse box. Tlie other wire passes 
tlirough the starting switch and goes to tlie minus or negative ter- 
minal of the storage battery. The two leads extending from the 
starting motor are connected to the battery, the positive wire going 
to tlie positive pole of tlie battery, while the negative wire goes to the 
starting switch. The manner in which the wires provided for the 
head ligljts, side lights, and tail lamp are led to the lighting sw'tch 
may also he readily determined from this diagram. 

A t)q)ical small motor employed for starting gasoline engines is 
sliown in section at Fig. 341/, and is an excellent example of the 
construction generally followed in apparatus of this type. The arma- 
ture shaft, which carries a laminated armature core, revolves on single 
row annular ball-bearings which provide practical immunity from 
bearing troubles. A spur pinion is keyed to the driving end of the 
armature sliaft and meshes wdth an internal spur gear that drives the 
housing of an overrunning clutch that is formed integrally with it. 
A reduction of speed is obtained at this point and the rotative speed 
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is still further reduced by the dilfereuce in Bize between the sliding 
gear, earrierl by the driven shaft, and ^he gear formed on the flywheel 
rim. The small sliding gear is adapted to be moved on its. driving 
shaft so it can engage a large diameter ioeiribi r formed on the fly- 
wheel. The pinion is shified by a yoke and gear-shift lud that may 
be actuated by a suitable foot or hand Iovcj. 



Fig. 341g. — Sectional Views of Typical Generators Used in Connection with 
Electric Starting and Lighting Systems. 


Two types of generators that are commonly used in connection 
with two-unit lighting systems are shown in section at Fig. 341^. 
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That at A is a Gray & Davis dynamo, which is so constructed that 
the armature will be driven at a constant speed, regardless of the 
variation in rotative speed of the power plant. The armature is 
mounted on ball bearings, but is driven through the medium of a 
friction governor which is interposed between the armature shaft 



Type with Automatic Throwout 

and the main drive shaft. The driving pulley or gear is attached to 
the shaft extending from one end of the generator casing, which is 
attached to the friction governor driving drum which is mounted 
on two annular ball bearings. The action of the friction-clutch gov- 
ernor is extremely simple. Wlien the gasoline engine exceeds a cer- 
tain predetermined speed the armature shaft-drive clutch shoes will 
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be.piilled out of contact with the driving drum and will be held out 
of driving engagement with the gasoline motor until such time as 
the speed reduces sufficiently to permit the clutch shoes to expand 
again and take up the drive. Ihe dynamo shown at B is a consid- 
erably simpler form, as it is wound so tliat no governor is neeessary 
and the windings are so proportioned tliat it may be driven at high 
speed without danger and yet deliver a current of electricity at com- 
paratively low motor speed. The generator shown at B is intended 
for use in connection witli tlie starting motor shown at Fig. 341/. 

An important component of most electric starting systems is an 
overrunning clutcli, which permits the gasoline engine to rotate inde- 
pendently of the starting motor when it picks up its cycle of opera- 
tion. The average four-cylinder engine will start at forty to fifty 
revolutions per minute. As the speed of the average small electric 
motor used for starting purposes is about 1,400 revolutions per min- 
ute, it will be apparent that the starting motor armature must turn 
thirty-five times as fast as the motor crank shaft. If there was no 
overrunning clutch provided to automatically release the starting 
motor, tlie gasoline engine migiit ])ick up its cycle of operations and 
immediately speed up to 500 or 600 revolutions per minute if the 
throttle is open to any extent. With a gear ratio of 35 to 1 the start- 
ing motor armature would be forced to turn at 21,000 revolutions 
per minute, which speed or rotation would not only seriously strain 
the starting motor, l)ut would prevent the operator from unineshing 
the gearing interposed between the starting motor and the engine 
crank sliaft. The overrunning clutch, therefore, is an auton atic 
device that should permit the electric motor to drive the gasoline 
engine, but break the driving connection as soon as the gasoline engine 
tries to drive the starting motor. A ratchet type driving clutch is 
sliown at Fig. 341//. The toothed driving member S is attached to 
the internal gear wliich is rotated by a small spur pinion as shown 
in sectional view of starting motor at Fig. 341/. The ratchet pawl 
members A and A' are attached to the shaft connected with the gaso- 
line engine flywheel. As long as the member S docs the driving, the 
ratchet pawls will remain in contact with the teeth. A reversal of 
motion or an increase in the starting-shaft speed will release the 
drive automatically. 
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Summing up the advantages of these various self-starters, it would 
seem that in most cases very satisfactory results could be obtained 
from the forms in which acetylene gas is introduced to the cylinders 
and then ignited by turning on the switch, '^riiese ignition starters 
have a disadvantage, however, that they cannot be used where ignition 
is by magneto without battery auxiliaries. Starters which rotate the 
crank shaft have the advantage that they can start a motor even if it 
is equipped with a magneto because they will turn an engine over 
faster than is possible by hand power, and the result is that a spark 
of adequate strength will ])e generated to ignite the gas even if 
batteries and coil are not provided. 

The disadvantage of air-starting systems is that the air chills the 
cjlinders and makes starting somevvliat difficult in cold weatlier or 
when conditions are such that the gasoline mixture is not properly 
proportioned. If considered merely from the point of view of results 
obtained, it would seem that the electric starter with its capacity for 
a large number of motor starts per charge of batteries would be the 
most suitable form. As previously stated, however, its mechanical 
complication is a strong* enough disadvantage that many consider 
it of sufficient moment to outweigh the advantages of the system. 

Motor-Car-Lighting Systems. — ^AYhen the automobile was first in- 
vented it was a comparatively slow-S})eed conveyance, and ordinary 
oil lamps such as used on carriages or bicycles for illuminating the 
roadway at night proved adecjuate for the newer form of conveyanc'e. 
As cars have become improved it w^as found necessary* to ])rovide 
stronger radiants than kerosene lamps to illuminate the roadway 
because of the greater speed eapabilities of the improved automol)ile. 

In order to provide higher illuminating powers than wmuld be 
present by using kerosene alone, the kerosene lamps w^ere supple- 
mented by search lights supplied wdth burners designed to burn acety- 
lene gas. Two methods of furnishing acetylene gas to the burners 
are in use, one being to use some form of generator which makes 
the gas as it is needed, the other is to take the gas required from* some 
container where it has been stored under pressure. 

The usual form of generator employed in connection wnth gas 
lamps is shown at Fig. 342, A. The acetylene gas is generated by 
combining water with calcium carbide, the latter being a mixture of 
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coke and lime which has been fused together in an electric furnace. 
Pure calcium carbide will produce about 5.5 cubic feet of gas per 
pound of carbide decomposed, hut the commercial product seldom 
yields more than 4.5 cubic feet. Acetylene is a very brilliant illumi- 
nating gas and gives a white light of abort 240 c. p. if burned at 
the rate of five cubic feet an hour. The strength of illumination can 
be better judged by comparing it with that produced by burning 
five cubic feet of good coal gas in the same period of time which 
will only result in 16 c. p. 

A spo('ia1 form of burner is used in the automobile headlight, 
which mixes a certain amount of air with the gas and the brilliant 
white light produ(*ed is intensified and projected by means of a lens 
mirror placed at the back part of the lamp. Tliis lens serves to collect 
and (‘oncentrate the rays of light from the flame into a beam com- 
posed of parallel rays which have great illuminating ])ower, and which 
will light up tiie road for hundreds of feet ahead of the car and per- 
mit higher speeds witli safety than would be possible with the feeble 
glimmer of oil lamps. 

The generator employed and its mode of action may be easily 
understood by referring to Fig, 342, A. It consists of a water tank 
and so])aratc com])artments for carbide and gas and a filtering cham- 
ber. Water is dropped on the carbide and as soon as the two come 
in contact the chemical begins to decompose and acetylene gas is 
liberated while lime dust collects in the bottom of the generator as a 
residue. The gas collects in a reservoir and forces its way through a 
filter chamber filled with wool or similar material which filters "the 
gas. The gas is also cooled before it reaches the lamps because the 
gas outlet ])i])e and filter is surrounded with water. 

When the shut-off valve is opened it permits the water which has 
collected in the intermediate chamber to drop into the carbide basket 
through a perforated tube. If the pressure in the intermediate com- 
partment is normal atmospheric pressure, the water will drop freely 
onto the carbide until considerable gas is liberated. Just as soon 
as the gas generated has an appreciable pressure it flows into the 
intermediate chamber and prevents more water reaching the carbide 
until the gas pressure is lower. The generator will continue to supply 
gas as long as the supply of water and carbide lasts. 




Fig. 342. — Gas Generators and Lamps Used in Connection with Acetylene Head- 
light Ihstallatidn* 
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The forms of lamps used are shown a r Pig* 342, B and C, and the 
method of installing a general or and lamp outiit is clearly outlined 
at D. The headlights are nsua1]> placed at the front end of the 
frame where they are carri(^d by suitable brackets or yokes, and con- 
nection with the generator is made by I hies of copper and cubbef 
tubing which convey the gas from the generator to the burner. A 
trap is sometimes interposed between the generator and the burners 
to arrest any foreign matter or moisture tliat may have passed through 
the filtering jnaterial in the gas outlet pipe. 

The method of installing a compressed acetylene storage tank 
sometimes used to supply the gas instead of the generator shown 
at E has advantages in that the tank may be easily reached when it 
is desired to rejdace it, and at the same time it is out of sight and not 
liable to become damaged. When the construction of the car does not 
]>ermit the use of a separate locker for the gas tank this member is 
often carried on one of the running boards of tlie car. 

When acetylene lamps are used they are usually supplemented by 
a set of oil lamps wliich are provided at the sides of the dash and 
as a rear signal ; while the kerosene lamps do not give much light 
they are dependable in every way because they are very easy to under- 
stand and require no care except an occasional trimming of the wicks 
and filling with kerosene. If tlie acetylene lamps did not function 
properly the kerosene flames would provide sufficient illumination so 
that the roadway immediately in front of the car would be lit up 
enough to detect obstacles, and at the same time the lamps would 
act as a warning signal to other users of the highways. Kerosene 
lamps are also useful for city driving where the intense glare of the 
acetylene lamps would be annoying. The usual motor-car lighting 
system consists of two headlights, burning acetylene gas, two dash 
lamps, and one tail light burning kerosene. 

If a gas generator is kept clean and properly filled with carbide 
and water there will be no trouble in obtaining adequate supplies of 
gas. While burners sometimes clog up it is a very easy matter to 
clean out the openings with a fine piece of wire or to supply a new 
burner if the defective one cannot be repaired. 

Electric-Lighting Systems. — During the past year many manu- 
facturers have employed electric lamps to advantage on automobiles. 
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and while these were formerly fitted only to the high-grade cars the 
development made in providing suitable current producers and lamps 
having strong filaments has made possible the application of electric 
lighting to all classes of cars. The usual method of current supply is 
by storage battery, somewhat similar in principle to those used for 
supplying ignition current but which are more substantially con- 
structed and have plates of greater capacity than tliose usually pro- 

Expansion Chamber to take 
care of Changes in Volume 
of Solution during: Charge 



Fig. 343, — Special Storage Battery Employed to Furmsh Lighting Current. 

vided in ignition cells. The convstruction of a typical lighting battery 
is shown at Fig. 343, this form having been designed especially for 
this class of work. 

Mechanical generators of electricity are also used in various 
forms, and a number of small dynamos have been used successfully 
in connection with a storage-] lattery system. When a dynamo is pro- 
vided it usually supplies its current directly to a storage battery, and 
the electricity for ligliting is taken from the storage battery rather 
than the dynamo. The reason for this is that any fluctuation of 
engine speed makes the current production vary in value. If the 
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engine was running slow and the lantps were attached directly to 
the generator there would not be sniheieiit illumination. At the 
other hand, if motor speeds were high and the generator was driven 
faster, enough current might be produced to burn out the lamps. 
When the current from the dynamo is directed to a storage battery 
that member serves as an equalizer and will maintain a constant dis- 
charge to the circuit in which the lamps are wired. It will absorb 



ABC 


Fig. 344. — Side and Tail Lamps Using Electric Bulbs for Illumination. 

Kerosene Side Lamp with Tungsten Lamp in Comer. B — ^Pillar Lamp for 
Limousine Bodies Uses Electric Lamp Exclusively. C — Small Electric Tail 
Lamp. 


excess electricity generated at high-motor speeds and will supply 
that energy to the lamps at such time that the generator would be 
inadequate to supply the proper amount of current. 

Various forms of lamps utilizing electric bulbs are shown at Pigs. 
344, 345, and 346. Those at A, Fig. 345, are side lamps that have 
been designed especially for use with electric current, while those 
depicted at B are combination forms in which the electric light bulb 
has been inserted in an oil lamp of conventional pattern in such a. 
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waj that it will not interfere with the normal operation of the kero- 
sene burner should it be desired to use the kerosene flame. This 
feature is one that provides an important advantage in that a failure 



Fig. 346.— A— Side Lamps Designed to Use Only Electric Bulbs. B— Methods 
of Combining Kerosene Burner and Tungsten Bulb in Side Lamps. 
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of the elcc’tric lamps or souree of current would not se.'iously incon- 
venience the inoiorist, as iic couLI nse ihe kerosene burner and secure 
adequate illumination to enable him to operate the ear without 
danger. The combination sliown at Fig. 34.6 shows the adaptability 



Fig. 346. — Gray & Davis Combined Electric Tail Lamp and License Plate Holder* 
a Device of Marked Utility. 

and simplicity of the electric light to good advantage. In this the 
electric lamp is mounted in connection witli a li(*ense number in such 
a way that a stream of wliite light is thrown on the number to il- 
luminate it, whereas a red lens sliow's a danger signal to the rear. 

The most iiiijiortant component of the modern electric lighting 
system, and one lliat has made electric lighting practical, is the incan- 
descent lamp. This produces light because a filament of conducing 
material becHimcs lieated by the passage of electric current and gives 
off rays when it is in an incandescent condition. The electric bulbs 
used in automobile lighting systems have tungsten filaments instead 
of the carbon members formerly wddely employed in lamps used for 
house lighting. The tungsten filament gives a more intense and 
concentrated light than the other forms, and its current consumption 
is much lower. The filament is stronger and more enduring as it 
is not liable to be broken by vibration incidental to motor car use. 
An ordinary carbon filament consumes about 3.5 watts per candle 
power, while the tungsten loop uses hut 1.25 watts to provide the 
same degree of illumination. The economy of the tungsten filament 
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Bhdwn At B. The bulb is mounted in a special reflector attached to a 
suitable handle which is connected to the source of current by a long, 
flexible wire cable which permits the lamp to be used at all points 



Fig. 349. — Sectional View of Gray & Davis Electric Headlight Showing Method 
of Focusing Bulb by Accessible Adjusting Screw. 


of the car. The form shown at C is a modification of the dash type 
depicted at A and is used as a side bracket for interior illumination 
of closed bodies. The search light illustrated at I) is a modified 
form of that shown at B and does not combine a cigar lighter. 

An electric headlight of very good design is shown at Fig. 349. 
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The lamp is mounted in a 'movable h&td that may be adjusted so 
the bulb will always be in the proper r(‘lation to tlio parabolic re- 
flector to tlirow an intense beam ot I:</]'it. As will be evident the 
construction of such a lanj])‘is simple aiid makes possible smooth 
forms, which are much neater appearing than gas lamps if only the 
electric filament is used for illumination. 

Many automobilists arc inclined to be suspicious of innovations, 
and because of tlieir familiarity wdth kerosene oil and gas lamps they 



Fig. 350. — Combination Headlight Fitted with Both Gas Burner and Electric 
Bulb. A — ^Position of Bulb with Gas Flame in Use. B — ^Bulb Furnishing 
Light. 


desire to retain these and use the electric bulb as well. This is easily 
done in the case of side lights by putting in a bulb at some point 
wlierc it wdll not interfere with the regular burner. Gas burning 
headlights may he (ionverted to use electric (uirrent wdien desired 
by simple adajiters as depicted at Fig. 350. These are clamp members 
attached to the burners. A lamp socket is mounted in such a man- 
ner that it may be swung out of the way as sliown at A, wdien it is 
desired to use the gas flame or moved bach so that it occupies about 
the same position relative to the lens mirror as does the gas flame 
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Fig. 361. — ^Wiring Diagram Showing Connections of Simple Three-Lamp Electric-Lighting System. 
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when electric light is desired. The position of the bulb at times it 
is desired to use electricity instead of gas is shown at Fig. 350, B. 

A typical simple lighting system r’uch as would be used on a 
light runabout or car employing acetylene gas search lights is de- 
picted at Fig. 351. In this case the side lamps are provided.^ with 
two- or four-candle-power bulbs, while a two-candle-pow^er lamp will 
be found of adequate capacity for the tail lights. The current can 
be supplied either by a multiple series dry battery of at least twelve 
cells or a six-volt, sixty-ampere-hour storage battery. With this sys- 
tem the lamps do not consume any more current than would be 
provided by the normal discharge rate of an ignition battery and xhe 
same type of current producer used for ignition work can be ap- 
plied to small electric-lighting systems without troulde. If lamps of 
higher candle power are used, which consume more current, it will 
be necessary to use a special lighting battery of about eighty ampere- 
hour capacity. The three lamps are controlled by a single switch 
and the method of wdring is so clearly shown that it can be easily 
followed by anyone desiring to install a simple electric-lighting 
system. 

A more comprehensive lighting system such as would be used on a 
high-powered touring car is shown at Fig. 352. In this the head- 
lights are provided with twelve- or sixteen-candle-power bulbs, the 
side lights with six-caudle-power bulbs, the tail light with a four- 
candle-power lamp. The small meter light which is wired in series 
with the tail lamp is fitted with a one-candle-power filament. The 
current supply is by a dynamo and storage battery which delivers a 
current of about twelve volts pressure. An automatic switch is pro- 
vided so the dynamo will supply current to the battery only when 
it is being run at sufficient speed to insure the delivery of a proper 
amount of electric current. The current for the lamps is taken 
from the battery which is kept charged by the dynamo. A three-unit 
switch is provided with buttons controlling three circuits. One of 
these is the headlight group, the side lamps are on another circuit, 
and the tail lamp and meter light are controlled by an individual 
switch. The object of putting the meter light in series with the 
tail lamp is to furnish indication to the operator if the tail-light bulb 
should burn out. If the meter light is out the tail light will go out 
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also and vice versa. As is true of the gi oup at Fig. 351, the wiring 
diagram may be easily understood and will be useful as a guide for 
the installation of a complete electric-lighting equipment. 

Utility of Wind Shields. — One of the items of equipment that con- 
duces to comfort of tlie occupant is the wind sLicla. In winter 
tliis member serves to deflect the cold wind and provide a transparent 
shelter for those behind it while in summer it is useful in screen mg 
the eyes when driving on dusty roads. Wind shields are made in many 



Fig. 363. — Conventional Wind-Shield Forms. 

forms, though tlie usual materials employed are celluloid and leather 
or wood, metal, and glass in combination. Typical wind-shield forms 
are shown at Fig. 353. That at A consists of a metal frame covered 
with leather and provided with transparent celluloid windows. Side 
curtains extend from the frame to the sides of the seats and the 
passengers are completely protected. Another form of celluloid and 
leather wind shield is shown at B. This differs from the form previ- 
ously described in that it is vertical, whereas that shown at A is in- 
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dined at an angle and will offer less air resistance than the forms 
which are at right angles to the frame-side member. The advantages 
of nsing celluloid are' that it is lighter than glass and that it is not 
liable to become broken. The disadvantage to its use is that it will 
orack very easily and cannot be looked througli as easily as the less 
opaque glass. 

Glass wind shields are usually composed of a frame of brass tubing 
in which large panes of plate glass are set. The frames are usually 
oonstructted with joints so the top portion of the wind shield may be 
swung down out of the way when it is not needed. The metal frame 
which carries the glass is set on a wood filler piece of such form that 
it will fit the dash, and the whole assembly is braced hy means of rods 
extending from the lower frame to the front or sides of the car, as 
shown at Fig. 353, C and D. Wind shields are an indispensable item 
of equipment and no automobile can be considered complete without 
this useful means of protection. 

Function of Shock Absorbers. — Even when the springs of automo- 
biles have been very carefully selected with reference to the loads they 
are to sustain, as previously stated, it is difficult to make provision for 
the many variations in loads and speed of the vehicle. A car that 
will be very easy riding on good roads will l)e uncomfortable on rough 
highways because the light springs jounce the occupants around if 
the ear is operated at anything except slow speed. In order to pro- 
vide smooth riding it is customary to select springs that are a 
compromise and that will not be too hard riding on good road 
surfaces and yet will not move unduly when the car is run over 
rough roads. 

Various forms of shock absorbers have been devised to supplement 
the action of the vehicle springs. These may be in two forms, those 
designed merely to receive shocks caused by sudden spring deflections 
and other appliances devised to check excessive motion of the springs 
by providing a dampening action. The simplest form of shock ab- 
sorber is shown at Fig. 354, A. This is designed for use with springs 
which are too flexible and which may settle down if the car is loaded 
to its capacity. A rubber buffer is carried by a clip piece extending 
under the spring clips to hold the rubber pad in place. An angle 
bracket is riveted to the frame-side member if the spring is hung out- 
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side of the frame, and this carries a holi which engages with a rubber 
bumper to stop excessive movement or either frame or spring. * 
An auxiliary spring designed to work in conjunction with the 
main supporting melnbers is shown at Pig. 3S4, B, This is a heavy, 
coil spring carried inside of the frame member, one end beii|g 
tached to a forging bolted to the frame side and the other to the 



Fig. 364. — Methods of Promoting Easy Riding of Automobiles Supplied with 

Inadequate Springs. 


axle. Such a spring will not interfere with small spring deflections, 
but it will prevent ex(‘essive motion of the frame or axle either on 
spring depression or rebound. Wlion springs are so stiff that they 
will not yield readily to the minor inetjualities of the road surfaces 
it is customary to provide some form of auxiliary spring as shown at 
Pig. 354, C. A spring of this nature replaces the usual shackle or Jink, 
and the small coil s})rings will yield rea<lily to obstacles that wo\.-W 
make no impression on the stronger leaf spring. 

Shock absorbers that act by producing a dampening effect to check 
spring movement are shown at Fig. 355. The simplest of these com- 
prises a pair of levers hinged together at one extremity and attached 
to the frame and spring, respectively. The form shown at A has a 
friction pad between the two portions at the hinge and this member 
provides the dampening effect desired. The form shown at B is 
somewhat different in principle. One of the levers is cup shape while 
the other carries a cam, A number of steel springs are inserted in 
the cup and excessive movement of either frame or axle is prevented 
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by the friction effect of the three-point cam on the three compound 
leaf springs inside of the cup. 

Many other forms of shock absorbers have been devised, some 
consisting of cylinders filled with oil and liaving a piston to act as a 
check to prevent too rapid movement of a plunger rod working in the 
cylinder. One member would be secured to the axle and the other 
to the frame. Many makers furnisli shock absorbers as an item of 
regular equipment, and if a car which is not equipped with these mem- 
bers does not ride as comfortably as desired the spring aedion may 
always be improved by installing some form of shock absorber best 
adapted to meet the conditions. Springs lliat are too flexible sliould 
either have their action dampened or should be provided with some 
auxiliary buffer. Hard riding springs can be improved by tlie use 
of auxiliary cusliion springs as sliown at Fig. 354, C. 



Fig. 356. — ^Efficient Shock Absorbers That Improve Spring Action on Rough 
Roads. A — Tniffault-Hartford with Friction Pad. B — Connecticut Device 
Moves Cam Against Spring Resistance. 


Signals and Alarms. — The laws of most commonwealths make it 
imperative for the motorist to equip his car with some form of warn- 
ing signal that will be adequate to advise other users of the highway 
of the car’s approach. Many forms have been devised ranging from 
simple reed horns operated by hand pressure on a small rubber bulb 
to more complex alarms in which an electric motor serves to actuate 
a diaphragm and produce a noise that can be heard for a long distance. 
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A combined hand- and clectricially-opernred signal is shown at Fig. 
356, A. An ordinary form of bulb-operated reed horn is attached 
to the sound intensifier of an electrically operated signal. The object 



Fig. 366. — Forms of Motor-Car Alarms That Give Satisfactory Service. A — 
Combined Klaxon Signal and Bulb Horn. B and C — Exhaust Whistles. 
D — ^Electrically Operated Signal. 


of combining the two alarms in one is to provide a hand-operated 
alarm for ordinary driving, while the louder electrical signal is em- 
ployed when the sound must be heard for a considerable distance. 

TYiq signals shown at B and C are operated by the exhaust gases 
and are attached to the end of the exhaust pipe. They are operated 
by depressing a small foot j)edal on the foot board, and various 
sounds may be produced from a mellow note to a shrill whistle de- 
pending upon engine speeds. Tlie alarm shown at D is operated by 
electrical means and the diaphragm is actuated by a small electric 
motor which will run from the storage battery usually employed for 
ignition purposes. The advantage of the electrically operated sig- 
nals that makes them popular is apparent. The push button may 
be attached to the steering wheel convenient to the driver’s hand and 
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the signal may be obtained by a simple pressure of the finger, whieV 
is sufficient to close the circuit and actuate the apparatus which pro- 
duces the sound, 

Speed*Heasurmg Devices. — When one (considers tlie law.- 

of most cojamiinities regiikting the speed of motor vehicles it will j^o 
evident that some form of speed-huUcai ing device is necessary to show 
the velocitj' at which the car is traveling at any time. Speedometers 
are usually combined wuth odometers or mileage counters, and it is 
not uncommon to provide a clock as 'well. A speedometer has other 
uses besides merely indicating the rate of travel. It forms an excel- 
lent indication of the value of different carburetor adjustments and it 
enables the motorist to compile definite figures regarding fuel and 
oil consumption or tire depreciation for a given period of time. 

A^arious speedometer forms are sbowm at Fig. 3.57. That at A is 
a simple instrument to indicate the speed and distance. The type 
depicted at B indicates, the total distance traversed and the number of 



Fig. 357. — Speedometers Useful in Indicating Speed and Mileage. 


miles covered on each trip as well as the speed. It is provided with 
a small electric lamp at the top to illuminate the dial at night. The 
speedometer shown at C has- all of the features of the other two 
instruments with the added one of having a clock to indicate the 
time. Speedometers are usually placed on the dashboard of the car 
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and are driven from the front wheels by ans of suitable reduction 
gears mount 'A on the scefung knuckle and a flexible shaft. 

Speed indicator.'^ may operate on different principles, some de- 
pend on niagridism, or the flow of liquids, other.* utilize centrifugal 
force and operate j;:st the same as the fly-hall governor of an engine. 
An instrument wliicli dt'pends upon the principle^ ot centrifugal 
force to indicate speed is shown in section at Fig. 358. The driving 



Fig. 358. — Sectional View of Speedometer Which Depends on Centrifugal Force 
Stored in Governor Weights to Actuate Indicating Needle. 


shaft carries a pair of weights which are throTO out as the speed 
increases. These weights swing a pair of segments meshing with 
the circular rack and impart an up and down reciprocating motion 
to this member as they revolve. The circular rack meshes with a 
small spur pinion and its reciprocating motion is converted to an 
oscillating one by means of the pinion. A pair of bevel gears trans- 
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mit the motion of the spur pinion to the speed-indicating needle at 
the top of tlie apparatus. The weights and their position are so 
calculated that as the speed increases they fly out from center and 
pull down the circular rack. This, in turn, moves the spur pinion 
and bevel gears, and causes the needle to register the speed corre- 
sponding to the position of the governor weights. 

A small train of gearing similar in principle to that used in a 
bicyde cyclometer is carried between the speedometer case and the 
dial, and serves as a distance-recording gauge. The driving shaft 
to which the governor weights are attaclied is driven by a flexible 
shaft connecting to one of the froift wheels in tlie conventional 
manner. It is contended that speedometers which depend on centrif- 
ugal force are more accurate under all conditions than those utiliz- 
ing either magnetism or the flow of liquids to indicate the speed. 
Those who favor the magnetic principle advance the contention that 
instruments of this character are more sensitive and will register 
low speeds more accurately than instruments depending upon centrif- 
ugal force. All of the many forms on the iriarket have been used 
with success, liowever, and any speedometer of a reputable make is 
certain to furnish satisfactory service. Some form of speed-indicat- 
ing device should be installed on every car, and their obvious utility 
can be easily understood when one remembers that tlie amount of one 
fine for fast driving will pay for a very efticient speed-indicating 
and mileage-recording instrument. 

Tools and Miscellaneous Equipment. — In ecpiipping a car for the 
season’s use many factors must be considered, as the cliaractcr of the 
supplies and spare parts required will vary with the type and make 
of car, wliile the tools needed for repairing the mechanism will de- 
pend largely upon the mechanical ability of the car owner or the 
person in charge of the automolnle. While a very comjdete outfit of 
tools and spare parts w^ould be the best insurance against trouble, 
it should be remembered that the weight of tlie tool outfit should 
be kept to as low a point as possible. As a general rule comparatively 
few well chosen tools that would be apt to be used often would be 
superior to an indiscriminately selected bulky outfit by one who has 
no knowledge of the value of the various appliances or how to use 
them. In modern motor cars it is easy to find storage room for a 
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very complete assortment of toolf an^l s ipplies, ard while some of those 
may be considered umieeessary theie may be a '.ime when it will be 
invaluable espf‘ciallj ii much tonring is f mtemplated. 

The first point to (’onsider is selecting the common tools that one 
would be apt lo need and as a guide a very completo tool roll such as 
sold by practically all automobile supply houses at a moderate price is 
shown at Fig. 359, The choice of a container for tools and supplies 
is very important and while the tool roll depicted, which is made 
of heavy canvas or leather, is very useful it has the disadvantage of 
being inconvenient to handle. As it must be unrolled every time 
certain of the tools would be needed, the ground is usually the only’' 
available place for its extension and the contents and casing may 
become very dirty. Tlie writer prefers to use a tool box in which 
a number of trays are fitted. These are divided into compartments, 
each tool having a distinct space and to insure against rattle or 
injuring the tools the various compartments may be lined with felt 
or heavy cloth. A very good method of making the trays is to have 
these composed of or filled in with a wmoden block, which is recessed 
to fit the tools to ))e carried. A container of this nature is superior 
to others as the tools needed most often can be placed in the upper- 
most tray, making them accessible, while in a roll the tools needed 
most often may be carried in the center. Some motorists throw the 
tools indiscriminately into a box and the result is that many of the 
appliances are damaged by coming in contact with other tools. The 
cutting edges of cold chisels and wire cutters are nicked, the teeth 
of files become broken or filled up with dirt, and screw driver points 
may become quickly blunted, and their utility reduced. At the 
same time the handles and polished surfaces of the other tools have 
become marred by the edges of the cutting tools. 

The roll illustrated has a fair assortment of useful tools of good 
quality. The outfit consists of two screw drivers, two pairs of pliers, 
two chisels and one center punch, three drift pins, a set of four files, 
five wrenches, soldering copper and handle, a file handle, a split pin 
extractor, small roll of wire solder, two small rolls of wire — one 
soft iron and the other cOpper, small tin boxes containing extra 
split pins or locking cotters and lock washers, and a ball pein hammer. 
The wrenches include a set of three double open-end spanners, one 
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adjustable monkey wrench, and a pipe wrench. Small and large 
screw drivers are provided and two pairs of pliers, one for handling 


F!g. 369. — Tool Roll Suitable for Making All Ordinary Repairs on Automobile 

Mechanism. 
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flat pieces and cutting wire, the othe^ for turning round pieces ate 
included. 

In addition to the tools shown in the o’^tfit depicted at Jig. 359, a 
motorist who intends to make his own repairs will find th^se shown at 
Fig. 360 very useful. The valve-spring 0'<^tei.is employed 4> com- 
press the valve spring when it is desired to remove the locking key 
or washer from the bottom of the valve stem, and will be found \ery 
useful when the valves are to be removed for cleaning or grinding. 
The tinner’s snips can be utilized to advantage in cutting sheet metal, 
packings, asbestos brake lining fabrics, stock for shims and many 
other purposes. The hack saw and a number of extra blades will be 
found of value when it is desired to cut bars of brass, steel, or iron, 
and it can be used in cutting wood, fiber, hard rubber, and other 
materials as well. The adjustable end wrench should be supplied in 
two sizes, a six inch for small work and one eight inches long for use 
on larger objects. Tliis form of wrench is especially desirable for 
motor-car use as tlie opening between the jaws may be altered to suit 
requirements, and the angle of the head may be varied so it will work 
ill some very inaccessible places where the ordinary forms of monkey 
wrench or open-end spanner could not be employed. 

A complete file set is an almost indispensable part of the equip- 
ment and this should include members of square, round, triangular, 
and rectangular sections, in order to form various surface profiles 
needed on motor-car parts. The flat files are usually used for smooth- 
ing straight surfaces, and the round and half round are employed 
on curved pieces. The square file and the three-square ” or ^^ three- 
cornered ” file, as it is often called, are very useful in filing work 
wdiere sharp corners must be left. In choosing files, one has almost 
as much latitude as in selecting other tools because they are made 
in various lengths and with different degrees of cutting power. In 
purchasing files, it should be remembered that the finer grades are 
used only for finishing, wliile those having coarser teeth are employed 
for roughing out work and removing metal. The file set should 
include in addition to the forms shown a small fine flat file, about 
the size of a manicuring file, for fine work on the platinum points 
of spark-coil vibrators or magneto-cotitact breakers. Files should 
be carried in cloth or leather cases or wrapped in heavy paper so 
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Fig. 360. — ^Useful Tools That May Be Furnished to Supplement Contents of Tool Rolls or Ordinary Small Tool Outfits 
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that tlie cutting surfaces will be kept clean and away from other 
objects. 

The gasoline blow torch forms part of the soldering outfit and 
can be useJ to advantage in heating the soldering copper. It is 
also useful in heating nuts or bolts that have become rusted in place, 
and as the flame is veiy hot the ends oi small rods may be heated 
sufficiently so that they may be bent into eyes or rod ends very 
easily. A small hand drill witli a nural)or of common sizes of drills 
ranging from a No. GO to about five sixteenths of an inch in 
diameter can he used so often in fitting small brackets, drilling holes 
in wood or metal, drilling out broken bolts or studs, and many other 
uses, tl lat it will soon pay for itself. A wire brush is useful in tire 
work, wliere it can ])e used to roughen up the surfaces of the tube 
and patch before cementing or vulcanizing and for removing dirt, 
carbon, or solidified oil from the mechanism and for cleaning the teeth 
of files. 

A set of carbon scrapers may be included with advantage in the 
outfit I)ecause these are formed in such a way that much of the carbon 
deposit that accumulates in the combustion chamber may be removed 
through spark plug and valve cage openings ])y their use without dis- 
mantling the engine. A small bench vise that can be clamped to 
the running board of tlie (*ar is of value when filing or fitting pieces 
that could not be held properly with a pair of pliers. A small hand 
vise is also useful, as this will gri]> piei'cs of wire or sheet metal 
stock much firmer than a pair of pliers, and as the jaws can be 
clamped together by a winged nut no effort is required to hob^ the 
work, which is so securely hold that it may be filed or hammered 
without dislodging it from the jaws of the vise. 

In addition to the tools shown a lead- or copper-headed, or reen- 
forced rawhide leather hammer may be included, as this can often 
be applied for driving bolts in and out without damaging the thread 
or for use against finished parts because it will not mar the surface. 
A set of socket or box wrenches and handle will be found useful in 
reaching bolt heads and nuts which are in inaccessible locations, and 
it is often desirable to supplement the two or three sizes of fixed 
spanners or S wrenches usually furnished in a tool roll by a number of 
other sizes which will permit, one to handle practically all standard 
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nuts. A s^t of five may be obtained that will fit all sizes of bolts from 
three sixteenths of an inch to one half inch, as ten milled openings 
are supplied which will handle bolt heads or nuts from three eighths of 
an inch to fifteen sixteenths of an inch in diameter. 

A ratchet wrench that will fit the spark plug and one that^>will 
fit the nuts on the tire lugs have important advantages. With this 
form of wrench, after the box or end is placed over tlie nut of bolt 
head, it is not necessary to remove* the wrench each time the handle is 
moved. The amount of movement permitted will vary with the con- 
ditions and sometimes will be only fifteen or twenty degrees. With 
a ratchet the handle is brought back to the starting point without 
moving the nut because the ratchet mechanism only holds in one 
direction. These wrenches are time savers wherever they can be used. 

A word of caution to motorists who are apt to judge tools merely 
by the price should be heeded. Many men who are not mechanically 
informed select even the simpler tools by price rather than quality. 
As a rule the better quality tools only cost a few cents more and will 
give satisfactory service during a lifetime, while cheaper ones often 
cannot endure the work ofia single season. Cheap chisels and punches 
are made of soft, improperly tempered steel; cheap wrenches are 
made from malleable iron castings, instead of steel drop forgings; 
low-priced screw drivers have the blades of inferior stock and so 
flimsily secured in the handle that they will turn on the slightest 
provocation instead of loosening the screw to which they are applied. 
The motorist who buys cheap tools is penny wise and pound foolish 
and it is better to purchase fewer tools, but good ones, if economy 
dictates when the purchase is made. 

General Supplies and Spare Parts. — In addition to the tools enu- 
merated there are many miscellaneous appliances that can be carried 
to advantage. Some of these are necessary only with certain types 
of cars, and many of the list which follows may be kept at home except 
when the car is taken on an extended tour which is apt to end at some 
distance from a convenient base of supplies. The group given at 
Fig. 361 has been selected because it shows many articles of equipment 
that have real value. ^ 

Funnels to fit the water, gasoline, and oil containers should be 
carried and it is well to use separate funnels for water, oil, and 
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Fig. 361. — Group of Supplies That Will Be Found Useful When Touring or in Maintaining Motor Cars* 
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gasoliM, That used for water should have a spout the full size of the 
filler opening in the radiator and it is desirable that it should include 
a wire gauze screen to filter the water of any particles of foreign 
matter that might clog the circulating system. The oil funnel should 
be small and it can be easily carried by nesting in one of the larger 
funnels. Sometimes a nest of three funnels may be obtained, one 
fitting in the other, and the entire set of tliree takes no more room 
than one funnel would ordinarily. The gasoline funnel should have a 
chamois skin through which all fuel would pass when filling the 
tank. This will remove the water and dirt always present in gasoline 
and is practical insurance against carburetion troubles. 

A collapsible rubber water pail is useful on all types of cars, as 
it may be used to replenish the supply in the radiator from any way- 
side source when on the road or to carry water to the car for washing 
hands after repairs liave been made. A small box of some good grease- 
dissolving hand soap, a. (-lean towel and a piece of toilet soaj) take 
so little space that they can be stowed away anywhere, and their value 
is only apparent when a particularly dirty job of tire replacement 
or car repairing has been* necessary on the road. A hand oil can and 
an oil syringe are needed to lubricate the various parts, the syringe 
being especially valuable to force oil at points that would not be 
easily reached wdth the hand oiler or that would require more lubri- 
cant than could be conveniently supplied by that method. A com- 
bination funnel and measure is often carried in place of an oil 
funnel. * 

It is well to carry a gallon can of cylinder oil and a small can of 
cup grease any time that one is touring away from home when there 
might be doubt of obtaining the same grade generally used on the 
car. With the ordinary single-chamber type of gasoline tank it will be 
found advantageous to carry a spare container holding two gallons of 
fuel. This occupies but little space and is ])ractical insurance against 
being stalled by lack of fuel. Calcium carbide and a pair of extra gas 
burners should be carried if the car is lighted by acetylene gas from 
a generator, and extra Tungsten bulbs if the car is electrically 
lighted. A small hand searcli light is useful in looking at the gaso- 
line level at night or in inspecting various points about the car where 
the presence of gasoline fumes would make the use of a naked flame 
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dangerous. For more extended working after nightfall, a ^rnall port- 
able trouble lamp, wdiich will take its current from the ignition battery, 
will often demonstrak its worth. 

The character of the spare parts needed will depend entirely 
upon tlie make of car, and any comporent must be chosen with 
reference to the weaknesses of tlie machine under consideraiiom 
T\ui selection of the smaller parts for replacement should be by an 
experiemed person who has had opportunity to study that make of 
car. It is well to have a spare valve complete with the spring re- 
tention collars and locking key on any make of car. At the present 
time ])]*actioally all motor cars use valves that are interchangeable, 
and but one set for replacement is necessary. If. liowever, the valves 
are dilfereiit sizes it is well to carry one each of the exhaust and in- 
take. It is not necessary to carry these around on ordinary trips 
and they are merely provided as a safeguard when touring away from 
a base of suj)ply. It is well to carry at all times assortments of 
small parts that are easily lost, such as split pins, lock washers, set 
screws, ta])er ])ins, cap screws, semifinished hex nuts, some copper and 
iron washers, and a few (*arriage bolts of the sizes used in securing 
the fenders to the irons or the running boards to the hangers. A 
roll of soft iron wire and a roll of electric tape are very useful in 
general re])air work and rubber tubing may be included with advan- 
tage for re])airs either to the gas piping, conveying acetylene gas to 
the lamps or the fuel line, leading from the gasoline tank to the 
carburetor. 

Some of the supplies needed that need not be carried on the car 
are a box of valve-grinding compound, asbestos (‘ord and candle 
wicking, several sheets of emery cloth and sand paper, and a supply 
of spare gaskets or packing material, if these are used on any portion 
of the ])()wer plant. If battery-and-coil ignition is used it is well 
to carry a spare set of batteries, extra primary and secondary wire, 
battery connectors and terminals, and either a complete coil unit or 
parts enough to make up a complete vibrator. If ignition is by a 
high-tension magneto, a complete set of the most important brushes 
and contact-breaker parts may be obtained at small cost from the 
manufacturer. N^o matter what kind of an ignition system is sup- 
plied it is well to carry a complete set of spark plugs. These mem- 
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bers are liable to give considerable trouble and it is much better to 
replace a defective member with a new one rather than attempt to 
repair a poor spark plug on the road. 

Spare oiler and fan belts are useful if either the mechanical oiler 
or cooling fan are driven in this manner. A coinj)]ete set of tire 
tools and suitable equipment for tire repairing, such as considered in 
another chapter, should be provided. It is well to carry all smaller 
screws and parts in envelopes or small boxes wliicli should bo plainly 
marked so the contents could be ascertained at a glance without re- 
quiring examination. Any brightly finished steel part liable to rust 
should be covered with gi'ease and wrapped in cloth or* paper. All 
goods made of rubber should be wrapped up to protect them from 
oil, which has a harmful effect. Spark plugs may he carried in 
wooden or leather cases and they should be wrapped in such a way 
that they will not be jarred around, as this is liable to break the in- 
sulation or bend the sparking points. 

One of the various forms of jacks shown at Fig. 3(>2 should ])C 
included in the equipment. This member really forms part of the 
tire-repair outfit, thouglf they are used on many occasions in making 
repairs when the tires are not at fault. The form at A is a simple 
lever-operated type having a double ratchet. A series of short 
strokes will raise the lifting ram, while slightly altering the magni- 
tude of the stroke will allow the lifting ram to fall. In the jack 
shown at B the lifting ram is raised by means of gearing enclosed 
in the body of the jack. 'Tins is turned by means of a socket wrench, 
having a handle similar to a bit brace. In the form outlined at C 
the lifting ram has a screw thread cut on it and is raised by a bevel 
gear worked by a hand lever, which includes tlie ratchet mechanism. 
A very substantial form of direct lift jack is sliown at 1). Tlie type 
outlined at E is used to raise the wheels from the groxmd quickly and 
easily and is intended for garage use. These are sold in sets of four 
and are used by many motorists to raise the wheels from the ground 
and relieve the tires of the car weight when the vehicle is not liable 
to be used for a few days or a longer period. The selection of a suit- 
able jack is important, and while almost any form will be adequate 
to raise a light, car the motorist should be sure that that used in 
connection with a heavy vehicle has ample capacity and that it is made 
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of steel instead of treacherous iron castings, such as incorporated 
in the cheaper jacks. 

Among some of xnis£;ellancous snpnlies that will be found 
useful may be mentioned rawhide lacing, fan belt connectors, leather 



Fig. 362.-~Leading Types of Car-Raising Jacks. 

straps, dry powder fire extinguisher, hose clamps, brass polish and 
polishing cloths, covers of rubber or fabric for the lamps to protect 
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them in wet weather and chain grips for the tires. If a cone clutch 
of the leather-faced type is used some clutch compound will be useful 
i|i event of harsh action or fuller’s earth if the clutch slips. An 
emergency spring repairer, which comprises a steel forging and two 
clamps, enables one to make a broken spring operative and may be 
found of advantage if the car is operated over rough roads without 
shock absorbers. A coil of rope should be carried on any car that is 
to tour in comparatively unsettled countries, and special rope made 
especially for motorists’ use may be obtained from the supply houses. 
These include thirty or forty feet of one half or three (piarter iiu;li 
diameter Manila rope, fitted with a heavy galvanized iron hook for 
attaching. The rope may be used for towing, in connection with a 
Spanish Windlass ” for pulling the car out of mud holes and 
ditches, for binding a rear wheel to get increased traction when 
that member drops in a mud hole, and for securing trunks and 
packages to the running boards or other ])oi*iions of the car. 

It should be noted that the equipment advised is more than ordi- 
narily complete and it k not likely that any motorist will need more 
than the articles mentioned, and the majority will be able to get 
along very well with much less. Many of the supplies enumerated 
need not be carried on the car except when away from home, but 
it is well at all times to have a complete outfit of tools and tire repair 
appliances as well as necessary spare parts for eliminating tire 
troubles or engine derangement. , 

How Supplies May Be Carried. — A problem with many motorists 
is how a very complete outfit may be stowed on the average car. 
The views at Fig. 363 and Fig. 364 show how tiiis difficulty has been 
solved on some of the leading automobiles of various types. At A 
the entire outfit necessary for tire restoration is carried at the back end 
of the car lietween the rear springs. The trunk case serves as an 
anchorage for two or three spare casings while the inner tubes and 
tire repair outfits, as well as many of the general supplies, arc 
easily stowed away in the trunk. In the view of the rear end of 
the car shown at B a large tool box is placed back of the gasoline 
tank and has ample capacity to carry all tools and repair parts that 
would be needed for ordinary repairing. As the gasoline tank is 
carried back of the seat there is room under the front seat for many 
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supplies. The form of trunk used in e'lrrying clothing when on a 
tour is outlined at C. The tnink serves merely as a container and 



Fig. 363. — Some Conventional Methods of Storing Supplies and Equipment. 


protector for the standard size suit cases that are employed to hold 
the clotliing or supplies. 

At Fig. 36 * 4 , A, the very ingenious manner in which a prominent 
maker has utilized the space back of the seat of the torpedo roadster 
for stowing suit cases is shown. To gain a(*(‘ess to these the front 
seats are pushed forward, the center partition between the seats is 
raised, and the seat back is allowed to fall. The result is that a large 
opening is provided through which the suit cases or other bulky sup- 
plies may be easily placed in the body compartments. In this the 
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spare tires are carried at the rear end of the ear while the tools that 
are apt to be often used are stowed away in an easily reached chest 
on the running board of the car, 

4 



Pig. 364. — ^How Two Leading Motor Car Manufacturers Made Protision for 
Carrying Spare Tires and Other Supplies. 

At Fig. 364, B, the special case provided for stowing away spare 
casings on late models of Knox cars is shown. This container is of 
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metal and access to its inteiior is obtai led by releasing the catch and 
sliding tiie two semicircalar door^-. f»ronnd to the back end. This 
view^also shows the form of trunk rack provided or» many toaring 
cars to take bhe autoiuohiij trunk shoT^n at Fig. 363, C. Two views 
which show the praclitaj disposition of the various r.ccoss(jri 3 s on 
conventional touring cars are sliown at lig. 365. A side elevation 



Fig. 365. — Side Elevation and Plan View of Modern Motor Car Showing Disposi- 
tion of Various Articles of Equipment without Hampering Passengers or 
Reducing Carrying Capacity. 


and a plan view of the vehicle is given, and the location of the es- 
sential accessories and sup})lies are so clearly shown that it would 
seem unnecessary to des(*ribe those in detail. The placing of the 
lamps, warning signal, wind shield, top, spare casings, and various 
cases for stowing away the smaller parts may be readily ascertained 
by a study of the illustrations. 
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The Eemco Combined Fan and Generator. — Tonsiderable difBcxilty 
has been experienced by motorists owning old-model cars and desiring 
to fit eleetric-lighting systems on account of no provision having been 
made by the makers of the car for installing or driving a suitable 
generator of electricity. A combined fan and d}Tiamo which is novel 
in construction is shown at Fig. 3()r»a. Tn this the rotary mamber 
of the generator is provided with a series of fan blades and is intended 
to replace the cooling fan usually supplied on most cars, whether air 
or water cooled. The dynamo portion is very compact and very little 
of the eflBciency of the cooling fan is sacrificed to obtain the advan- 
tages incidental to electric lighting. The generator is so arrange^ 
that it may be driven by the fan belt in just the same manner as the 
fan originally supplied with the car. A wiring diagram showing the 
method of installing the various components comprising the Kemc6 
lighting system is presented at B, while the appearance and method 
of mounting the generator are shown in the drawing aliove it. 



CHAPTER XII 


Operating Advice and Explanation of Automobile-Control Methods — ^Utility 
of Spark and Throttle Levers — Obtaining Various Speed Ratios with 
Friction Transmission — How Planetary (learsets are Controlled — Shift- 
ing Sliding Gears by Progressive and Selective Systems — Standard Auto- 
mobile-Control Systems Described in Detail — Maintenance Hints of Value 
— Suggestions for Oiling — Winter Care of Automobiles. 

The basic principles of gasoline-motor-car operation are prac- 
tically the same in all types of cars, thougli the various forms of 
speed-changing mechanism demand distinctive methods of control in 
each specific case. It is not possible to give definite information that 
will apply to controlling all types of ears, ])ut the general advice 
given can he applied to all cars, especially the instructions relating 
to the method of motor-speed control. The methods of regulating 
the motor speed will be 'the first point (‘(Uisidered ; then tlie control 
system when the simpler forms of transmission are used, and finally 
the method of obtaining various speed ratios with sliding gearsets. 
How the Motor Should Be Started. — One of the most im])ortant 
points in the education of the novice motorist is the liest method 
of starting the motor if a self-starting device is not provided. Be- 
fore the engine is sot in motion certain precautions must be observed 
regardless of the make or type of car. The gasoline tank, radiator, 
and lubricating-oil container should he insspected to make sure there 
is enough fuel, water, and lubricating oil. The shut-off valve in 
the pipe line leading from the gasoline tank to the carburetor is 
opened so the fuel will flow to the vaporizer. The caihuretor should 
be primed by means of a small plunger usually carried in the float- 
bowl cover, and if a small resistance is felt to the downward move- 
ment of tlie primer or if gasoline escapes from the bottom *of the 
mixing device, this may be considered a positive indication the fuel 
from the tank has reached the carburetor and that gasoline is present 
at the spray orifice. Hie next step is to see that the change-speed 
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lever is in a neutral portion or that the clnteh pedal is disengaged. 
The spark-control lever, whicli is iisudly carried on the steering 
wheel, should be set at the full retard point. In some cars this may 
be at the back of the sector, uhile the retard position may be the other 
extreme in other motor cars. 

If one atienipls to set an engine in motifm by means of a hand 
crank with the spark lever advanced so that an early spark is ob- 
tained, the motor mav kick Ijaek,^^ and this reversal of motion, which 
is due to premature combustion, may sprain the wrist or break an 
arm. It will be well to open the throttle or gas lever a little to 
insure that a charge of combustible gas will be inspired into the motor. 
The engine sliould be turned over sevei*al times as briskly as possible, 
and then the switch which completes the electrical circuit between 
the battery and tlie ignition mechanism should he put into circuit 
and the switch plug inserted. The hand crank is pushed in until it 
engages a ratclict memljer on the front end of the crank shaft, and 
then the motor should l)e turned by pulling up on the starting handle 
with tlie left hand. 

Tlie hand crank should always be engaged so that an upward pull 
will be necessary to turn the crank shaft, and a point that cannot 
be too firmly impressed upon the embryo motorist’s mind is that gaso- 
line engines sliould always be started, by pulling up on the handle of 
the starting crank, never by pushing down. If the starting handle 
has ])een properly jilaced and the engine has been turned over enough 
without tlie switcli so the cylinders hold a gas cliarge, and the switch 
circuit is closed wlien a decided resistance is felt as the crank is turned, 
indicating that the piston in tlie cylinder in which the gas charge is 
about to explode is nearing the compression point, a single, quick, 
strong pull on the crank should be sufficient to start any properly ad- 
justed motor. 

Multiple-cylinder engines, especially those of the four- and six- 
cylinder type, are started much more easily than the one- and two- 
cylinder forms. These can often be started by turning the starting 
handle over briskly so the motor will take in gas but without the 
switch closing the electric circuit. To start the motor the switch is 
closed and a spark will be produced in the cylinder about to fire (only 
in cars equipped with battery ignition) by moving the spark lever from 
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one end of the sector to the other. As soon as the engine becomes 
started it should be kept from racing by shutting down the supply of 
gas to the point where the motor will turn freely and yet slowly. 

Most hydrocarlK)n veliicle motors have a certain degree of flexi- 
bility, i. e., they may be run slow or fast, and the spetnl may be ac- 
celerated or cut down as desired within a range from 200 revolutions 
per minute to the maximum, which will vary with the type of motor. 



Fig. 366. — Parts of Motor Control System of Peerless Car. Spark Advance 
Regulated by Small Hand Lever. Gas Supply Controlled by Automatic 
Engine Governor, Accelerator Pedal or ThrotUe Lever on Steering Wheel. 


This is an important advantage, inasmuch as it permits one to regulate 
the vehicle speed on most occasions by a touch of the throttle alone. 
The engine speed of practically all automobiles is controlled by two 
ways, though usually tliese are employed in conjunction. One*of these 
consists of varying the time of the spark in the cylinder, the other 
regulating the amount of gas supplied. 

A typical carburetor-control system is shown in detail at Fig. 366. 
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The throttle, in this case, may be controlled by three distinct means. 
One of these is a cenirifagal governor v hich shuts off the gas supply 
automatically if motor speeds exceed a certain predetermined point. 
The governor may be temporarily dispensed with by pressing down on 
the accelerator pedal, which will open tiic throttle directly, or by 
means of the tlirottle lever carried on of the steering column. 
The usual method of driving is to set the throttle lever at a point 
which will give the miiumiim speed desired and depend u])on the gov- 
ernor to take care of other speed fluctuations. If it is nccessarv to 
get more gas than the. governor will allow to pass, the accelerator pedal 
can be used to operate the throttle directly. The function of the 
spark lever is to regulate the time of sparking to the point best suited 
to the needs of the engine. 

The (juestion of motor-speed regulations seems to be a simple 
one, but many motorists learn proper methods of spark- and throttle- 
lever placing only after considerable driving experience has been ob- 
tained. Motor-speed regulation de})ends upon two^faetors. First, ad- 
vancing the time of sparking to the most efficient point after the 
engine has once been started, and secondly, increasing the amount of 
mixture supplied the cylinders. The spark and throttle levers, while 
designed to be manipulated independent of each other, usually move 
with a certain definite relation. It would not be good practice to run 
an engine witli tlie spark lever way advanced and gas-supply throttle 
nearly closed ; iior would good rcvsults be obtained if the spark lever 
was retarded and the throttle opened as it is desired to increase the 
motor speed. It is not difficult to understand the function of the 
throttle lever and how the admission of more gas to the cylinders 
would act in creating more power, just as augmenting the steam su]>ply 
to a steam engine will increase its capacity. 

The rules for manipulation of the spark lever are not so well un- 
derstood. In order to make clear the reason for intelligent manipula- 
tion of the spark handle there are certain points that must be con- 
sidered. On most automobiles there is a position of the spark lever, 
usually at the center or intermediate point of the sector over vrhich it 
moves which corresponds to the normal firing point. If the spark 
lever is not advanced beyond this position, and the motor is turning 
over slowly, the gas in the cylinders is being exploded when the 
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pistons reach the end of their compression stroke. When the gas is 
fully compacted the explosion or power obtained from combustion is 
more powerful than if the spark tired gas which was not compressed 
properly. The electric spark is not produced at the exact time that 
tlie motor should be tired at all speeds, and if the spark was supplied 
the very instant of full compression irrespective of the speed of rota- 
tion, there would be no need of moving the s])ark lever. 

ISTot only is tlie current apt to lag, but it takes a certain definite 
amount of time to set fire to the gas. It requires the same amount of 
time to ignite the gas, of given composition, regardless of the speed of 
the motor. If the motor is only turning at a few hundred revolutions 
per minute there is ample time to ignite all gas charges ])Ositively, but 
if the motor speed increases and the exjdosions occui* oftener, then one 
must compensate for the more rapidly occurring combustion periods 
by arranging to start igniting the gas earlier so the explosion will 
occur when the piston is at its highest ])oint in tlie cylinder. The 
compensation for lag is made by advancing tlie spark. The spark 
lever on the steering wheel or column moves a commutator, if battery 
system is emjfioyed, or the magneto-contact-breaker box, if that form 
of current producer furnishes the ignition energ}\ Tlie amount of 
spark ad\ance needed dejiends on engine s])eed and the greater the 
piston velocity the more the sjiark should be advanced. 

It is jiossible to advance the spark lever too far, and w'hen this 
occurs the gas is exploded before the piston reaches the top of its 
stroke and premature explosion takes plac^e. As a result of this the 
upw'ardly moving piston is forced to overcome the resis1:ance exerted 
by the expanding gas of the ignited charge in completing the remain- 
der of the conqiression stroke, and before it will return on the power 
stroke. The injurious liack pressure on the piston reduces the capac- 
ity of the motor and a pounding noise similar to that produced by 
loose motor parts gives positive indication of premature ignition due 
to excessive spark advance. 

At the other hand, if the spark lever is not set as far forward as it 
should be, the explosion may be late because of the retarded -spark.’^ 
If the spark occurs late in the cycle, the charge is not fired until the 
piston has reached its highest point and after it has completed a small 
portion of its downward movement. As the point of maximum com- 
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pression is passed and the piston mov-is down in the cylinder, the 
size of the conihustion clianilier augo^ents and the gas begins to ex- 
pand again before it ignites. Ow’uig to the nicderate compression the 
power resulting fro;u explosions is less th^'.n would be the c^»se with a 
higher degree of compression. To secure power it is necessary to 
supply more gavS to the c 3 ^Hnders. Driving with a retarded spark pro- 
duces heating of the motor and is wasteful of fuel. 

For ordinary running the spark lever is us' ally placed about mid- 
way of its travel on the sector, and as a general mle an engine with 
magneto ignition docs not rerpiire the frequent manipulation of the 
spark necessary wiien current is produced by chemical means. As 
the engine sjiecd increases the current produced by the magneto is 
jiroportionately augmented, and the s])ark lever need not be advanced 
from the center jiosition except under conditions which permit of 
exceedingly high engine s])eeds. 

The diagram presented at Fig. 367 is furnished by the Cadillac 
Motor Car (^ompany to owners of its cars, and shows the position of 
the spark and throttle levers to obtain various engine speeds when 
the car is on tlie direct drive. At five miles per hour the throttle is 
practically closc'd and the spark lever has been advanced about a 
quarter of the way down the segment. To obtain a speed of eight 
miles per hour the spark lever is moved to the point on the steering- 
wheel sector indicated by the letter C. The throttle lever is not dis- 
turbed. Moving the spark lever about two thirds of the way on the 
sector will increase the speed of tlic car to nine miles per hour. From 
this point sjieed ratios are augmented by moving the throttle lever and 
the car speed increases progressively as tlie amount of gas supplie I the 
engine is augmented. For higher speeds than twenty-five miles per 
hour the spark and throttle levers are moved toward the end of the 
sector and it is usual practice to advance both in conjunction beyond 
this point. 

Summing up, it will he patent that the greatest economy of fuel 
will result when the car is driven with as little throttle opening as 
possible, and with the greatest spark advance the motor speed will 
allow. To obtain maximum power, as in hill climbing on the direct 
drive, the spark lever should never he advanced beyond center and the 
throttle should be opened as wide as possible. For extreme high 



10 Miles per hour 


25 Miles per hour 


Fig. 367. — Position of Spark and Throttle Control Levers on Cadillac Car to Ob- 
tain Various Car Speeds with Gearing in Direct Drive. 
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speeds, the throttle should be advanced i ^ a point about midway of its 
travel before the spark lever is advan^*ed beyond that point. If this 
does not give the required increase in speed, the spark lever should be 
advanced as far as possible ahd tlie amount of gas increased, by mov- 
ing the throttle lever from its central position to the extr'^me position 
on the sector. Control-lever placing varii^ on nearly all cars, bu«. the 
most common position is on top of the steering column, where they 
are convenient to operate and very accessible. In some cars the spark 
and throttle levers may be placed under the steering wheel and on one 
side of the steering post, one being located above the other. In other 
vehicles, tliey are disposed under the wheel and on opposite sides of 
the steering post. Some designers do not furnish variable spark when 
a magneto is provided. The magneto contact breaker is advanced to 
the point where the best ojieration under average conditions is at- 
tained, and motor-speed regulation is entirely by using the throttle 
lever or accelerator. 

Controlling Cars with Friction Transmission. — After the engine has 
been started the next j)oint is to put the automobile in motion. The 
means for o])taining the various speed ratios will determine the steps 
that should follow. When a friction or j)lanotary transmission is in- 
stalled the control is very simple and usually a single lover vsuffices to 
furnish all desired speed ratios. The Carter Car control system is 
sliown at Fig. 308 and is a good examjde of the simple method of 
control })ossible wlien fri(*tion-disk change-speed gearing is utilized. 
One hand lever at the side of the car serves to move the driven mem- 
ber to its various positions on the face of the driving member. The 
inner foot pedal is enqdoved to bring the friction disks togethet ^\nd 
establisl] driving contact between them when the proper speed position 
has been selected with the hand lever. The other pedal is used to 
apply a running brake at tlic rear wheels. Motor speed is regulated by 
spark and throttle levers on the steering wheel. 

With this form of control the friction pedal is released before the 
engine is started and as tliis breaks the driving connection between the 
friction diwsks, the engine can be turned without moving the vehicle. 
After the motor is started in tlie manner previously indicated, the 
speed-changing lever is placed at a position about midway in its travel 
or so it will line up with the bulb of the horn shown in illustration. 
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This gives one of the lowest speed ratios. To start the car the friction 
pedal is pressed with the left foot until sufficient pressure exists to 
cause the driving member to turn the driven wheels and transmit tlie 
engine power to the rear wheels. After a certain degree of headway 



Fig. 368. — Control System of Carter Car, Which Employs Friction Transmission. 


has been attained^ the friction pedal is allowed to return to its free 
position and the hand lever is pushed forward a few inches to give 
a slightly higher speed. The friction pedal is again depressed and 
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when sufficient pressure Is exerted the car will move forward at a 
liighcr speed. The faitlier forward ihe handle is placed, the higher 
the vehicle speeds, and if the handle is hrougrit back beyond a central 
position a reverse mol ion is obtained. 

The friction pedal may be locked at any desired point by tilting 
the foot pad up b} raising ihe heel. Whcii it is desired to stop the car 
the friction jiedal is released by bearing down on the lower portion 
of the foot pad, whicJi loosens the ratchet lock and by pushing on the 
brake pedal. It is important that the friction pedal be applied grad- 
ually and tliat it is not pressed down any farther tlian is necessary to 
drive the car. Tlie amount of pressure will depend on tlie road con- 
ditions, and tlie lighter tlie degree of pressure the less wear will take 
place on the frictioii-whecl fi])cr ring. When on a liill, or in sand, 
the friction pedal will liave to he pushed up harder than when the 
car is driven on a level highway with a good surface. 

Before tlie hand lever is changed from one ])Osiiioti to another 
the friction ])edals slioiikl always be released. An emergency braking 
effect may be obtained by pushing the hand lever in reverse position and 
apjdying tlie fried ion pedal if the car is going forward, or vice versa, 
if tlie car is traveling in a reverse direction. One of the advantages 
of the friction transmission is that it is dilficult to injure it by care- 
less handling because tlu're are no gears to be stripped if these are not 
meslied propeily. Tlie transmission is practically noiseless and speed 
cliangcs are effected easily and noiselessly. 

Planetary Gears Easily Controlled. — One of the advantages of the 
planetary gearset, when applied in the two-speed forward and re- 
verse forms is tliat tlie ineUiod of obtaining the various speed ratios 
is very sim]de and easily understood. At Fig. 369 tlie control S)Stem 
of sonic of the lighter Maxwell cars is shown and the various positions 
of the lever io obtain the different .speeds are clearly indicated. On 
these cars, the speed of rotation of the double-cylinder motor is regu- 
lated by a small pedal connected to the throttle of the carburetor and 
a spark lever at the top of the steering column, under the steering 
wheel. The speed changes are obtained by a single hand lever and 
the hub brakes are applied by the usual form of pedal. 

Five positions of the handle give two neutral points, one reverse 
motion, and two forward speeds. ‘Ordinarily the lever is in an ap- 




proximately vertical position and is at the neutral point between the 
reverse and slow speed. When pulled back from this position a re- 



verse motion is obtained. If pushed forward the slow-speed gears are 
put into action. Moving the hand lever from the slow-speed position 
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forward gives the second neutral point, while the high speed or direct 
drive is obtained by pusliing the lever to i/oe extrcine forward position. 
The lever must be hold in the reverse position but can be locked into 
low and high speeds. 

When running the car under conditions wheie it is not necessaiy 
to go into the reverse the lever may be Tmlled fr mi the lugli-speed 
position to the neutral point between high and slow speeds. If the 
car is stopped it can be easily started forward again by pulling the 
handle back into slow speed from neutral posiuon and theu forward 
to engage the direct drive. If the handle is pulled way back out 
of high speed into neutral position between slow and reverse, either of 
these ratios may be easily obtained. A point necessary to consMer 
w^hen operating a ]danelary transmission is that the slow and reverse 
Sliced must he a])i)lio(] gradually and that the engine be speeded up- 
pretty well before either reverse or slow-speed bands are tightened^ 
After the car has atiained a certain degree of momentum on the low 
speed the lever should ])0 put forw'ard into the high-speed position 
gradually in order to avoid the sudden jump which always obtains when 
changing from the low to the high s])eed of a two-speed car. This 
jump is caused by a sudden acceleration due to the higher gearing, 
provided by the direct-drive position which is much higher than the 
maximum speed permitted by the slow-speed gears. 

Tlie Ford car is one oL tlic most popular of moderate-priced auto- 
mobiles and over 100,000 of the Model are now on the road. 

The control system of this car is extremely simple and yet it is differ- 
ent from that of any other automobile. The gearset, which has been 
previously described, is a planetary t 3 ^pe which gives two forward 
speeds and a reverse motion. The conventional form of steering 
wheel is used to control the direction of car travel, and spark and 
throttle levers are mounted on the steering column beneath the wheel 
to control the speed of tlie power plant. If. is in the method of ob- 
taining the various speed ratios that the control system is distinctive. 
As will he seen l)y referring to Fig. 369, A, three pedals and a hand 
lever are provided on the left side of the car. The pedal on the 
extreme left is used to control the high- and low-speed clutches and 
is marked C.’’ That next to it, which is marked is used to 

constrict the reverse band of the transmission and obtain reverse 
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motion. The pedal at the right, which is provided with a letter B ’’ 
cast on its surface, is used to apply the foot brake. 

The hand lever engages the high-speed or direct-drive cliii(*]i when 
thrown forward and when pulled back it actuates the emergency 




Fig. 369 A. — Outlining the Distinctive Control System of Ford Model “T” 
Automobile, Which Employs Two-Speed and Reverse Planetary Gearing. 
Location of Spark and Throttle Levers Clearly Shown in Inset. 



brake. An interlocking connection is provided so the emergency 
brake cannot be applied without releasing the direct-drive clutch. 
The lever may be set in a neutral position and the clutch will be 
released without applying the brake when it is approximately vertical. 
Wlien the high speed is in and the hand lever is thrown way ^prward 
the high-speed clutch may be released by a light pressure on pedal 
" C ” and a further movement* of this pedal will apply the low speed. 
Thus one pedal gives control of both high and low speeds forward 
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and the clutch can be released in exaelly the same manner as that 
of a sliding-gear car when it is desired tc slow up, such as for turning 
a corner, d(3scending a hill or passing another vehicle. 

Before starting the car the hand lover ?iiust be in a vertical posi* 
tion, this releasing the ciuh'h and applying the emergency brakes. 
To start the car, after the engine has beo^^ started hi the uspal man- 
ner, tlie foot is placed on ilie clutch pedal to keep :t in a neutral 
])Osition, while tlie hand lever is thr(»wn as far forward as it will go. 
The engine is then a(*cele^ated and the clutch pedal is pushed for- 
ward until tlie slow-speed band tightens around the drum of the 
transmission and the car gathers headway on the lower ratio. After 
it has attained a certain momentum, the clutch pedal is allowed to 
droj) back gradually into the high-speed position. The foot may 
then he removed until such times tliai the clutcli must be discon- 
nected. Before a]iplying the foot brake, which is done by pressing 
with the right foot upon tiie pedal marked B,’’ the clutch pedal 
should l)e put in neutral jiosition with ihc left foot. 

To reverse the ear, it must first be brought to a standstill. The 
engine is kept running and tlie clutch is disengaged with the hand 
lever, which is ])lacGd in the neutral position but not pulled far enough 
back to ap])ly the emergency lirake. The reverse jiedal marked K ” 
is then jmshed forward with the left foot, leaving the right one free 
to use on the brake pedal if needed. To stop the car, the throttle is 
closed so that the engine will not race; the high speed is released by 
pressing the (dutch pedal forward into its neutral position and ap- 
plying the foot brake slowly, but firmly, until the forward motion 
of the ear is arrested. Tt is imperative that the foot be retained on 
the clutch pedal until the hand lever is pulled back to its neutral 
position. The placing of the spark and throttle levers is clearly 
shown in the inset in the right-hand corner of the cut, both levers 
being pulled ])ac*k to accelerate the motor and pushed forward to slow 
it down. Tl)e same lailes previously given for the manipulation of 
the spark and throttle levers apply just as well to this make of car. 

In the Liberty-Brush runabout the control system is somewhat 
similar to that previously described, except that the hand lever at the 
side of the car is operated selectively rather than progressively. The 
control system is shown at Fig. 370, and in the upper corner of the 
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illustration the different positions of the lever in the gate are shown to 
obtain the various speeds desired. Engine speed is controlled by 
spark and throttle levers under the steering wheel in the usual manner. 



Fig. 370. — Selective Change-Speed System of Liberty-Brush Light Runabout. 


The lever works in a gate arrangement and normally is in the position 
indicated by the letter N in the inset. In this neutral position the 
hand lever is normally straight up and down. 

To obtain slow speed the top of tlie handle is pushed out and the 
lever moved sideways until it is in the outer slot. The lever is then 
pulled back until a distinct reMstance is felt, at which time the slow- 
speed band will be clamped around the slow-speed drum of the trans- 
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mission and the gearing co7?tdined Iher^ in be ir action. If the lever 
is pushed from the slow-speed positioi* forward until another resisting 



Fig, 871. — Side-Control Levers and Pedals of Pierce-Arrow Sliding-Gear Cars. 
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influence is felt, the gearing will be in reverse ratio. To engage the 
direct drive, thejiand lever is pulled through the neutral slot and 
'pushed. forward in the inner slot. The single-foot i)edal not only acts 
to appl/ the foot brake, but will automatically disengage the high- 
speed clutch before the brakes are applied without touching the hand 
lever. In driving the- car on the high speed, if it is desired to slow up 
to pass another vehicle or turn a corner, a slight pressure on the pedal 
will release the high speed. A greater degree of pressure on the pedal 
will apply the foot brakes. 

Operating Sliding Gearsets. — Two sliding gear syst(*ms are fitted 
to motor cars, but at the present time the ])rogressive system of con- 
trol has been almost entirely superseded by tlie selective system. The 
principles of o])eratipn are practically the same as relate to clutch 
operation and gear engagement, but in tlie progressive system it is 
necessary to move the gear-shift lever from one end of a segment to 
the other to obtain the range of S])eed. In the selective system a 
gate segment is utilized and the hand lever is moved only short dis- 
tances to select the speed required. 

The control system of a typical selective sliding-gear car is showm 
at Fig. 371. Engine-speed regulation is by spark and throttle levers 
at the left side of the steering wheel operated in llie usual manner. 
Two pedals are provided and two hand levers. The pedal that is to 
be worked by the left foot is used to release the clutch, while that 
that is applied by the right foot actuates the running brake. The 
outer hand lever works on a notched segment and is pulled toward 
the operator to apply the emergency brake. The inner lever works in 
a gated segment and is employed to obtain tlie varying speed ratios. 
Another complete control system in which side levers arc employed 
with all parts clearly depicted is shown at Fig. 37<}. These may be 
considered representative of conventional practice and the majority 
of the sliding-gear cars are controlled in practically the same manner. 

How Selective Gearsets are Operated. — The arrangement of guid- 
ing gates wdiich are used with selective systems of gearset control 
are shown at Fig. 373. In all of these the neutral point is ug?ually at 
the center'^of the bars dividing the segment into slots and the lever 
can be easily moved in either direction to engage tlie speed desired. 
On the Peerless carSj» which, are lirwidCd with a four-forward speed 
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and reverse gearset, there ar'^ three pusi'ior^s or plots xor the ^peed^ 
changing lever at the front end of the segment and two at the rear. 
To engage the reverse gear the lever would be placed in the slot in- 
dicated by the letter *11.” To give the lowest forward speed the 
lever would Ije pulled out of the reverse slot and pushed forward into 
the adjacent one, indicated by number oiic; pulling tiie hand I'^ver 
back out of tJiis slot, into|iiat marked number two will give the second 
speed. To engage the third speed the shift lev^T would be nulled out 



Fig. 372. — Complete Control System of Buick Automobiles Showing Engine- 
Regulating Levers on Steering Wheels Enclosed Hand Levers and Foot 
Control of Clutch and Running Brake. 


of the center slot and into the outside one and pushed forward until it 
filled the slot marked three. For the highest speedy the Wad lever 
would be pulled from slot three to^ the putside rear^ slot Wr. 

On the Locomobile cars a fouj;-,4^ed transaiission is provided, but 
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the ari*angeinent of the control slot differs somewhat from that used 
on the Peerless cars. As shown in the cut, the lever is in neutral 
position and can be moved sideways into either tlie inner or outer 
slot. To obtain the reverse speed the handle is puslied as far forward 



Fig. 373. — Change-Speed Gates for Three- and Four-Speed Selective Trans- 
missions. * 


in the outer slot as it will go. Pulled back from this position but 
keeping it still in the outer slot will give the first speed. Pulling the 
lever back from point indicated by one to slot two will engage the 
second speed. The higher ratios are obtained in the inner slot. A 
forward movement of the lever engaging the third speed, while a pull 
back will engage the highest ratio. 

On Knox cars, where three forward speeds are provided, the guid- 
ing gate is arranged in such a manner that the reverse, first, and 
third speeds are obtained by pushing the lever into one of three slots 
at the front end of the gate, while the second-speed gears are meshed 
by pulling the hand lever back into the one rear slot. 
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In operating a car wii-h the selective metlioJ of control it is necofih 
sary tliat the gear-shift lever be in a neutral point if the clutch is 
engaged before starting the engine. After the motor has been started 
and is running at the proper speed, and it is desired to start the car, 
tlie iirst sl(‘p is to release^ the eiiiergeney-brake lever and depress the 



Fig. 374.-~Reo Control System with Single Centrally Located Gear-Shift Lever 
and Steering Wheel on Left Side. 

clutch pedal so that the driving connection between the engine and 
gearset is interrupted. Wiili tlie clutch pedal depressed fully the 
hand lever is jjushed into the slot which will give the slowest sp^ ; 
then the clutch is allowed to engage slowly and the start forward is 
made on the lowest speed. After a certain degree of momentum has 
been attained the clutch pedal is again depressed and the speed lever 
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shifted into the next higher speed ratio. The velocity of the car is 
thus gradually increased by moving the lever in steps from the lowest 
to the highest ratio. Witli any form of sliding-gear transmission it 
is imperative that the clutch be released every time a change of speed 
4s to be made and the clutch should not be engaged again until the 
gearing is positively in mesh. 

When one desires to stop the car the first step is to release the 
clutch by pushing forward on the clutch pedal with tlie left foot and 
apply the foot brakes with the right foot. The gear-shift lever is 
brought into a neutral point and then the clutch may be engaged 
again, if desired. On many cars the^ emergency-brake lever and clutch- 
shifting mechanism are interlocked in such a manner that the clutch 
is released automatically when the hand-brake lever is a})})lied. The 
emergency brakes of the average car are seldom used in normal opera- 
tion, the main reliance of most drivers being foot-operated service 
brakes. When it is desired to lock the car the emergency-brake lever 
is pulled back until tlie brakes are engaged and is retained in that 
position by a locking ratcliet that engages suitable teeth cut into the 
brake-lever segment. 

There is some ditference of opinion regarding the placing of the 
steering wheel and whether it should be on the right or left side of 
the car. Most American motor cars, which originally were copies of 
foreign productions, place the wheel and control levers at the right 
side of the car, because they were disposed in this manner on the 
European cars from which the first American vehicles^ w^rc copied. 
The road rules in Europe are different than in this country in tliat a 
driver has to pass a vehicle going in the same direction on the right 
and must keep to the left of the road. This made the right hand 
placing of the wheel logical and desirable. In this country, however,, 
the rules of the road are that all vehicles must keep to the right and 
when one passes another conveyance going in the same direction it 
should be passed on its left side. This makes the right-hand control, 
which is logical and desirable in Europe, unsuitable for road laws of 
this country. * 

To be logical the steering wheel of American cars should be placed 
at the left side instead of the right. A number of designers follow 
this rule, but in order to conform as much as possible with American. 
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practice tlie gear-shift lever is in llic center of the car where 

it can be operated by the -right hand instead erf at the left side. 
typical kft-hand control systeTti shown, at Fig, 374. In this a - 

single-hand lever is Tiionnted in the center of the flopr board and isi 
moved in four directions. It may be rocked to the Hgiit or left and^ 
pulled back or pushe^l forward in eitlicr oi these ])OsiiioixS. When the , 



Fig. 375. — Speed-Change Levers of Knox Cars. 


lever is straight up and down it is at the neutral point, the three * 
forward speeds and reverse motion aj’e obtained by rocking the lever 
from side to side and purfiihg it forward or backward as conditions, 
demand. Two pedals are provided. That at the extreme left serves* 
to release the clutch and apply the service brake, while the one oper- 
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ated by the right foot actuates the emergency brakes. When a single 
pedal is used for service-brake application and clutch release, it is 



Fig. 376. — Complete Control Group of Mitchell Motor Cars. • 


depressed about half its travel to disengage the clutch and applies the 
running brake from that point to tlie end of its radius of movement. 
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Many designers who favpr the hand placing of the steering 
post lociate the gear shift and emergenc} -brake lovers in the center of 
the floor in order that the torpedo body, with which the cars are fitted, 
may present an unbroken and ^imootli appearance without any pro- 
jecting part or levers when viewed from either side The placing of 



Fig. 377. — Center Control Levers of Jackson Cars and Pedals for Clutch-Running 
Brake, Accelerator and Muffler Cut-Out Operation. 


the change-speed and emergency-brake levers on the latest Km>x cars 
is shown at Pig. 375, The complete control system of Mitchell cars 
is shown at Fig. 376. The placing of the hand levers on the Jackson 
car and the functions of the foot pedals are clearly depicted at 
Fig. 377. 

The instructions given for operating one type of car with selective 
sliding-gear transmission applies just as well to all other forms, which 
are controlled in practically the same manner and which differ only 
in the arrangement of the slots in the guiding gate and the location 
and direction of movement of the spark and throttle levers, Prac-^ 
tically the same units are used in all control systems of sliding-gear 
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cars, i. e,, two pedals and two hand levers are usually provided. One 
of the pedals invariably releases the clutch while the other applies the 
service brake. One hand lever, always the one nearest the oj)erator, 
is used to shift the gears, while the one that works on a notched seg- 
hient is depended ui)on to a[)ply the emergency brakes. 

General Driving Instructions. — The following instructions apply to 
all types of gasoline automobiles and may be followed to advantage by 
all motorists. The gear-shift lever should always be ])laced in a neu- 
tral position when tlie car is stopped, whether it is left alone or at- 
tended. Gear-shift levers sliould always move easily and the clutch 
pedal of all cars equipped with sluling-gear transmission should be 
fully depressed before attempt is made to shift speeds. Tlie clutch 
should always be aj)plied gradually and as slowly as ])ossible because 
too sudden or harsh engagement will produce stresses that will injure 
the tires or mechanism of the cliassis. Never allow tlie engine to race 
or run excessively fast when shifting gears, and it is well not to under- 
take to change sjieeds with either motor or car running at high speed. 
When changing down, i. e., from a higher to a lower gear, allow the 
car to slow down until its speed is about the same as that which will 
be produced by the lower gear ratio desired before the clutch is again 
engaged after the gear lever has been shifted. 

If difliculty is experienced in meshing the gears do not try and 
force them in mesh but hold the cluich pedal out for a few minutes, 
let the car come to almost a stop, apjdy the clutch quickly, and release 
it at once and the chances are that the troublesome shift member will 
have turned to a position where it will engage more easily. Some- 
times one or more of the gear teeth on the shift member or the gear 
with which it engages may be burred up on the edges and will not 
engage promptly, whereas other portions of the same members will 
have undamaged teeth that will easily slip into engagement. 

Always drive a car slowly and cautiously until you are thoroughly 
familiar with the control mechanism and the methods of stopping the 
car. When driving up grades on the higher ratios, if the motor shows 
any tendency to labor, shift back into a hnver g(‘ar ratio wlfich lias 
been provided for that purpose. Many motorists believe that the best 
test of a car’s ability is to rush all hills, or bad spots in roads, on the 
direct drive. It should be remembered that the lower speed ratios 
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were provided for use at all times when employing the third or fourth 
speeds might produc-c strains in iho motor. All unusual noises should 
l)e in vest ig.. ted at once, as these sounds usually presage more or less 
serious trouble. A gasol 'ue car shoiild never be drfven with a slipping 
clutch, and it is imperative that the brakes and steering gear be fre- 
quently inspected to make sure that thny are In i^roper ordei. 

One should never attem]>t to drive cars at high speeds unless tne 
tire casings are in ])erfect condition and the road surfaces good. In 
driving on clay or muddy roads, cr on wet asphalt, care must be taken 
in turning corners and the car should l)e arivcn cautiously to avoid 
dangerous side slii)])ing or skidding. When driving on unfavorable 
highway surfaces always keep one side of the car on firm ground, if 
possible. Bi’akes should always be carefully applied, especially if the 
road surfaces are wet. An automobile should never be brought to a 
stop in mud, clay or sand, snow or slush, if it can be avoided. When- 
ever road conditions are unfavorable the smooth tread tires of the 
driving wheels should always be fitted with chain-tire grips to insure 
having ade(iiiate iractioii. 

All motorists slioiikl familiarize themselves as much as possible 
with the mechanism of their cars and should he competent to make the 
oi'dinary adjustments and minor repairs before any long trips are 
att(!inpted. A full equipment of tools and spare tires and casings 
should be carried at all times. It is well to remember that the manu- 
facturer of the car ’has issued a set of instructions for its care and 
maintenance, and these should be followed as closely as possible be- 
cause intelligent ('are of any piec^e of macliinery means long life and 
reliable service and the automobile is no exception to the rule. 

Suggestions for Oiling. — One of the most important points to be 
observed in eoniieetion with gasoline-automobile oi>eration is that all 
parts be oiled regularly. It is not enough to apply lubricant indis- 
criminately to the various chassis parts, but it must be done systemati- 
cally and logically to secure the best results and insure the economical 
use of lubricant. The most important parts are the power plant and 
transmission system and the engine is but one point in the car that 
must be properly oiled at all times to obtain satisfactory results. Some 
of the running-gear parts are relatively unimportant, others demand 
regular inspection and oiling. 
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A very comprehensive oiling chart is presented at Fig. 378, this 
showing practically all of the points that require oil as well as giving 
instnictions regarding the character of the lubricant needed and how 
hften it should be applied. Some of the ])oints are governed by 
special instructions, these being the clutch, transmission case, timer, 
and rear axle. The points of the clutch which need lubricant vary 
with the form of clutch employed. Multiple-disk types which run in 
oil must be kept filled up with the proper grade of lubricant. At the 
other hand cone and dry-plate clutches work better without any lubri- 
cant between the surfaces. When a cone clutch is employed it is 
sometimes desirable to soften the leather facings with a little castor oil 
or neatsfoot oil, if the action is beginning to get hard. A transmission- 
gear case which is moderately tight can be filled with a good grade of 
steam-engine cylinder oil, and heavy grease should not be used if the 
transmission shafts run on ball bearings. A heavy cylinder oil will 
have sufficient viscosity to cushion the teeth of the gears against 
shock and at the same time it will not be too lieavy to flow into the 
bearings and lubricate them properly. 

ifeither the transmission case nor the differential case on the 
rear axle should be filled with the heavy ^^Dope^^ widely sold, 
which may contain wood fiber or cork particles to make for more 
silent operation. If gearing is noisy it is either because it is worn 
or out of adjustment, and the use of nostrums and freak lul)ri- 
cants will not improve their operation. Tlie rear-axle differential 
housing should be filled with as light mineral grease as it is pos- 
sible to get, those having about the consistency of vaseline being the 
most desirable as lubricants. Light oils should never be used in 
either the transmission-gear case or in the rear-axle housing, because 
these will not stay in place and will not have sufficient body to cushion 
the gear teeth. 

The only otlier point on tlie chart which needs explanation is 
lubrication of the timer interior. This should only be oiled when 
it is a roller contact form and then a few drops of dynamo,^ magneto, 
or spindle oil applied to the roll and the contact segments once a 
week is all that is necessary. If the timer is a form using platinum 
contact points it does not need any lubricant. Never use graphite 
grease or any heavy oil in a timer case because these will not only 
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interfere regular ignit^n Lj short circu iting the current^ but they 
will clog u]) llie timer and prevent the roller establishing. proper con- 
tact with tiie segments. 

After a car is oiled is well to go o\cr all the exposed joints with 
a piece of clotJi to remove the accumulations ot surplus oil on the 
outside of the ]>arts whic li f<erve no useful purj)oso ami vvliicli onlv act 
to attract and retain dust nnd grit. The instructions given on the chart “ 
can be followed to advantage on all types of gasoline cars, though, of 
course, the different coustru tious will Lave to ])e treated ns the peculi- 
arities of design dictate. 

Winter Care of Automobiles. — ^W'hile motoring throughout the en- 
tire year is not unusual, many owners of cars, especially in those por- 
tions of the couTitiy whore the winter climate is exceptionally severe, 
put U]) their car for a period. If the car is to be kept in service the most 
impojdant thing to do is to provide some good antifreezing compound 
in order to ])revent tlio water in the radiator and cylinders from con- 
gealing. Tliere is some (liiTercnce of o])inion regarding the best solu- 
tion to use to prevent cracked water jackets and burst radiators. Be- 
fore we atleni])t to answer the (piestions often asked regarding tlie best 
antifreezing compound, it will be well to consider the requirements of 
such compounds. To begin with it should Imve no deleterious effects 
on the metals or rubber used in the circulating system. It must be 
easily dissolved or combined witli water, should be reasonably cheap, 
and not subject to waste by evaporation or be of such character that 
it will deposit foreign matter in tlie pi])es. The boiling point should 
be liigher than that of water to juevent boiling away of the solution 
at comparatively low temperature. 

Solutions of calcium cldoride seem to he very popular with motor- 
ists, and the writer will first discuss the use of this substance. The 
freezing point of tlie solution depends upon the proportions of the 
salt to tlic water. An important factor to be considered is that if the 
parts of the circulation system are composed ol different metals there 
is liable to be a certain electrolytic action between the salt and the 
dissimilar metals at the points of juncture, a certain corrosion taking 
place, and the intensity of this corrosive effect is only dependent upon 
the strength of the solution. As calcium chloride is derived from 
hydrochloric acid, which has very strong effect on metals, and as there 
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may be particles of free acid in the solution, a certain undesirable 
corrosive action may take place. 

In using calcium chloride when compounding an antifreezing solu- 
tion care must be taken that commercially pure salt is employed as the 
cruder grades will liberate a larger percentage of free acid. The mis- 
take should not be made of using chloride of lime, which has much the 
same appearance, but whose corrosive action is very great. Galvan- 
ized iron tanks and cast aluminum water manifolds and pump casings 
prohibit tlic use of this salt as its destructive action is great on these 
metals. 

It is well to test a solution of calcium chloride for acid before plac- 
ing in the radiator. A piece of blue litmus paper may be oldained at 
any drug store and immersed in the solution. If Hie paper turns red 
it is a sign that there is acid present. Acid may be neutralized by the 
addition of a small quantity of slacked lime. 

The solutions may be made in these ])ro])ortionB : 

Two pounds of Salt to the gallon of water will freeze at eighteen 
degrees Fahrenheit. 

Three pounds of salt to the gallon of water will freeze at one and 
five tenth degrees Fahrenheit. 

Four pounds of salt to the gallon will freeze at seventeen degrees 
Fahrenheit below zero. 

Five pounds of salt to the gallon will freeze at thirty-nine degrees 
Fahrenheit below zero. 

It must be remembered that tlie more salt to the solution, the 
greater the electrolytic effect and the greater the liability of the deposit 
of salt crystals, which may obstruct the free flow of the liquid. 

Glycerin is usually considered quite favorably, but it has disad- 
vantages. It often contains free acid, though the action on metals will 
be imperceptible in average solutions. While it does not attack metal 
piping to any extent it is sure destruction to rubber hose and should 
not be used in a car in which part of the circulation-system piping is 
of rubber. Glycerin is expensive and it is liable to decompose under 
the influence of heat and proportions added to the water must be 
higher than that of some other substances. 

Denatured alcohol is without doubt the best substance to use as it 
does not have any destructive action on the metals or rubber hose. 
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will not form deposits of foreifirn mattci, and ha • no electrolytic effect* 
A solution of sixty per cent water an:J forty per cent alcohol will 
stand twenty-five degrees below zero without freezing. The chief dis- 
advantage to its use ito that it e\aj/)ra»es easily and its boiling point 
is quite low. Alcohol volatilizes more rapidly than water and the 
solution is lialde t*'* become too light as proportion o^ a]c(»hol to water 
is concerned. The pertoniages required are shown in the following: 

Water ninety-five per cent, alcohol five per cent^ freeze at twenty- 
five degrees Fahrenheit; nate^ eighty-five })er cent, alcohol fifteen 
per cent, freeze at eleven degrees Fahrenneit ; water eighty per cent, 
alcohol twenty pe^- cent, freeze at five degrees Fahrenheit; water 
seventy per cent, alcohol thirty jier cent, freeze at nine degrees Fahren- 
heit below zero ; water sixty-five per cent, alcohol thirty-five per cent, 
freez<'. at sixteen degrees Fahrenheit below zero. 

Various mixtures have been tried of alcohol, glycerin, and water, 
and good results obtained. The addition of glycerin to a water- 
alcohol solution reduces liability of evaporation to a large extent, and 
when glycerin is used in such proportions it is not liable to damage 
the rubber hose. 

The proportions recommended are a solution of half glycerin, 
half alcohol to water. The glycerin in such a solution will remain 
])ra'ctically the same, not being subject to evaporation, and water and 
alcohol must be sup[)lied if amount of solution in radiator is not 
enough. The freezing temperatures of such solutions of varying pro- 
portions are as follows : Water eighty-five per cent, alcohol and glycer- 
in fifteen per cent, freeze at twenty degrees Fahrenheit; water 
seventy-five per cent, alcohol and glycerin twenty-five per cent, 
freeze at eight degrees Fahrenheit; water seventy per cent, ah'ohol 
and glycerin thirty per cent, freeze at five degrees Fahrenheit below 
zero; w^ater sixty per cent, alcohol and glycerin forty per cent, freeze 
at twenty-three degrees Fahrenheit below zero. 

The proper proportions to be used must of course be governed by 
conditions of locality, but it is better to be safe than sorry, and make 
the solutions strong enough for the extreme that may be expected. 

Oils of various kinds are often used exclusively, as it is obvious 
that oil and water would not form a very good mixture. They are 
of the character that is often used to lubricate ice-making machinery, 
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and are made especially to withstand low temperatures. The oil will 
not absorb heat as readily as water, and should only be used where 
exceptionally good methods of cooling are provided, such as a large 
radiator, all metal pi])ing and a veiy positive pump. This oil will 
attack rubber liose and gaskets, however. It would seem to the writer, 
from actual experience, that wood-alcohol solutions were preferable to 
others as combining the greatiist number of the requirements of a 
' practical antifreezing coTn])ound. 

A^fter due care has been taken with the cooling system to prevent 
freezing, tlie next point to observe is the lubrication of the motor. 
This will depend on tlie oil systt^m used and the grades of oil whicli 
are normally employed. As a general rule it is well to use a lighter 
grade in tlie winter tlian that utilized during warmer weather. If the 
clutch is a multiple-disk member it should be tilled with light oil of 
as high cold test as it is possible to obtain. If sight-feed glasses and 
exposed tn])ing forms part of the lubricating system or the oil tank or 
mechanical lubricator is carried in an exposed ])osition it should be re- 
membered that tins ])art slionld he ins})ecte(l frequently to make sure 
that tlie oiling system is functioning properly. 

If an acelylene-ligliting system utilizing a gas generator is fitted 
it is necessary tliat the water used in the water tank or the water 
jacket ])rovided on some generators be drained off and re[)laced with 
a solution of denatured alcohol and waiter of the proper consistency 
for the degree of temperature liable to be met with. During cold 
weather a certain amount of ditficulty is always experienced in start- 
ing the car, especially when one considers the low grade of gasoline 
used at the present time. 

If the motor is provided with compression relief or priming cocks, 
a small hand oil can should be filled with gasoline and ether mixture of 
proportions about half and half and kept tiglitly corked to prevent 
evaporation of the volatile liquids. On a cold morning when the 
motor is liard to start, this liquid may be injected into the cylinders, 
through the priming cock or by removing the spark plugs if relief 
cocks are not provided and the motor wall be started without difficulty. 
If no priming can is available one of the methods of securing gasoline 
shown at Fig.* 370 for priming juirposes may be used to advantage. 
At A one of the tire valve caps is utilized as a cup to remove a certain 
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portion of gasoline from the tank. It Is utilizei by tying a piece of 
cord or wire to the end and tlien dropping it into the gasoline tank 
through the filler opening. One of these ^.aps will hoia enough gaso- 
line to start the ordinary fonr-c/linder motor. Another method of 
accomplishing the same result is shown at B. In tliis a })iece of 



Fig. 379. — Two Methods of Obtaining Gasoline from Container to Prime Cylin- 
ders and Facilitate Motor Starting in Cold Weather. 


waste is tied into a ball and dropped into the gasoline tank. When 
removed it is saturated with fuel and enough gasoline may be squeezed 
from the waste into the priming cocks to prime the motor. If an oil 
squirt gun forms part of the tool equipment, this may be used to draw 
gasoline from the tank without difficulty. 

In extreme cold weather many motorists disconnect the fan belt 
in order that the air draught tb. rough the radiator wdll not cooi the 
water to such a point that the engine wdll not run efficiently. Other 
motorists provide some form of a lined leatlier shield for the front 
of the radiator, as shown at Fig. 380. At A the shield is shown partly 
opened so that a large area of the radiator is exposed to the air. At B 
the openings in the shield have been closed by the shutter-like closure 
and the radiator is protected in such a way that the water wdll be kept 
warm if a stop of any consequence is made. 

Spot-Removing Preparations. — A point that w’^orries many motor- 
ists, especially those of the gentler sex, is the methods of removing 
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oil spots which frequently are present upon the clothing of motorists. 
The following rules will be found valuable in this connection: 

Most frequent finiong the various kinds of spots are those due to 
^ oil or grease. Materials in delicate colors require a special treatment 
so their shade will not be changed. If a grease spot is to be re- 
moved, the main ])ortion of the grease is first carefully scraped off by 
means of a knife blade. A plaster of Fuller’s earth, prej)ared by dilut- 
ing the earth with a little water, is apjdied to the surface affected. 
This remains in place for several minutes, and is then scraped off. 
Any particles of Fuller’s earth remaining on tiie cloth can be washed 
off with water. Ey lightly ironing out the affected portion of the 
garment it will be completely renova teil. 

In no case should a solvent (benzene or gasoline) be used for re- 
moving spots from materials dyed in light shades, as tliere is danger 



Pig. 380. — Special Cover to Protect Radiator During Cold Weather and Prevent 
Freezing Cooling Water. A — Slots Open for Air Passage awhile Car is 
Used. B — ^Radiator Completely Protected when Engine is Stopped. Cover 
Retains Heat and Makes for Easy Restarting. 

that the dye will be dissolved with the grease. Cotton and linen gar- 
ments, whether white or dyed, can be restored by local treatment with 
soap. Materials that are not dyed and broadcloth may be easily 
cleaned by means of benzol, gasoline or alcohol-benzol mixtures, tlie 
latter being the best solvent. 

Material of light weight is stretched between the hands and the 
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solvent is poured on it drop by drop until the cloth is penetrated. 
The degreasing process Is coiupleted by Dressing the moist portion be- 
tween two pieces of clean linen. If the material is heavy — such as 
broadcloth— the spot is rubbed repeatedly with a rag of linen soaked 
with one of the sr^l^ent. lueTiiioned above, until the material is 
moistened all through, and care must be taken to discard the rag as 
soon as it becomes dirty, and use a clean xme. 

Kerosene spots, which are easily formed, should first be treated 
with a slight coating of vegetable oil (lubricating oil ; bet|ier, olive 
oil), so as to absorb tlie kerosene, and then treated with the Fuller^ 
earth jdaster, wliicli a])sorl)s the whole quite rapidly. 

Authorities recommend a number of liquid coni])ositions f^r re- 
moving grease spots from cloths which are not delicate. - One of the 
simplest of these consists of 


Wood alcohol 2 parts 

Alcoholic essence of soap 2 parts 

Ammonia 4 parts 

Turpentine 4 parts 


Tlte al(!o1iolic essence of soap is prepared by dissolving some white 
Marseilles soa]) in sixteen times the amount of ninety degrees alcohol, 
and adding ten jiarts of water. The white Marseilles soap is probably 
substantially the same as Ivory soap. Any druggist will undertake to 
l)repare this essence. It is sutlicient to apply it moderately with a 
linen rag. 

Finally, on a road only recently tarred the motorist’s clothes may 
be spattered with tar and their treatment is a rather delicate matter. 
If washable garments or fast-color materials are spotted by 11 is ma- 
terial, one may, after having removed the greater portion of tiie tar 
by scraping, ])onr either benzol or gasoline drop by drop on the back 
side of the material, so the solvent will run through the spotted part. 
If the material is light colored it may he nearly completely cleaned by 
using a rag soaked in gasoline, and talvii\g care to touch only the spot. 
This latter treatment calls for considerable skill, but with patience one 
is usually successful. 
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The Vnlcan Electric Gearshift. — A new system of gear shifting 
has been recently developed which depends on the use of electric cur- 
rent to shift the gears instead of the usual hand lever. The steering 
wheel is shown at Fig. 380 ( 2 ^ with the various speed-changing but- 
tons let into a box attached to the steering post. The operation of 
shifting a gear is very simple, consisting merely of depressing the 
clutch pedal and pressing down on the switch button marked with 
the gear ratio desired. The system is not complicated, the gears 
being controlled by solenoid coils, one being used for each forward 
speed and one for reverse. Two switches are utilized between the 
battery and the coils, a knife switch controlled by the clutch pedal 
and a push button located on the steering wheel. All changes of 
gears are controlled by the knife switcli and the push buttons on 
steering wheel merely arranges the circuit for the particular speed 
desired. A glance at the cut shows that the clutch pedal moves 
through a link during the first part of ils motion and during the 
remainder picks up the link and carries it along wdth it. Thus the 
first movement is the regular operation of the clutch, but a continued 
operation of the clutch lever actuates the knife switch. 

Current flows from the battery through the solenoid coil and pulls 
a plunger against a magnet with a force wliieh is given as 40 to 100 
pounds. This energy is transmitted througli an arm to the gear- 
shifting fork and gear in exactly the same manner as if the gears 
were operated with a hand lever. The plungers are normally in a 
neutral position. When the button is pressed on the control member, 
current passes through the coil around one of the plungers, drawing it 
against the magnet. It is said that the current required to make the 
shift is about 17 amperes, and it is claimed, further, that three hundred 
speed changes may be made with less current consumption than is re- 
quired in starting the motor with an electric starting device. 

An advantage claimed for this electric gearshift is that the gears 
cannot be stripped, for the reason that the clutch must be disengaged 
before a shift can be made and the gears are always in neutral before 
the coils can accomplish the change. Furthermore, no tw© speeds 
can be utilized at the same time, because* each speed is governed 
independently of the others, and an interlocking device prevents the 




880 a.— How the Change-Speed Buttons are Located on the Steering Post of Cars Utilizing the Vulcan Electric 



7 ^ The Modern Gasoline Automobile 

operator from using any two buttons at one time, even if ho should 
make a mistake or be careless. 

The box which contains tlie switches and solenoid coils is mounted 
at the side of the gear box, and it is said that the device adds only 
46 pounds to the weight of the chassis. On the FI. G. V. car the 
control buttons are mounted in a neat alnniiniim box on the steer- 
ing wdieel, one for each speed, and one for a neutral member. In 
operation the s^’stem is very sini])le. IT, for instaiu'O, the fourth 
speed button is pushed dowui and the clutch is thrown out and then 
re-engaged, the car will remain in fourth s])eed. When driving in 
traffic on the third s]ioed the driver^may set tlio second sj)eed button 
and by depressing the clutch pedal fully will automatically shift 
into second sjDeed. In a similar maimer all other changes may l)e 
made. The driver need not lift his hand from the wheel in order 
to accomplish any change in the gears. "Jhiose who have witnessed 
the operation of this device state that the systcuu is qui(*t, the only 
noise being a slight click as the gears engage 'when clianged. This 
system is also used on the Haynes 1914 automobiles and several 
other types. 



CHAPTER XITI 


Practical Hints to Assist in Locating Power-Plant Troubles — Systematic 
Detection of Conditions to which Imperfect Operation Can Ascribed 
Faults in the Ignition 8% stem — Derangements of the Carburetion Group 
and Their Symptoms — Coob'ng and Lubrication Group Troubles. 

One versed in liiotor-car construction and repair processes does 
not liave any dilficulty in tracing the common motor troubles to their 
source and the e-\j)ert readily recognizes the symptoms which denote 
faulty action of any of the power-plant components. The average 
motorist, who has ])nt little mechanical experience, is apt to become 
}iot)elessly confused wlien even the simpler derangements, liable to oc- 
cur at any time, materialize. One who is not thoroughly familiar with 
motor-car construction will seldom locate troubles by haphazard ex- 
perimenting and it is only l)y a systematic search that the cause can 
be discovered and the defects eliminated. In this chapter the writer 
proposes to outline some of the most common power-plant troubles 
and to gi\'e sufficient advice to enable those who are not thoroughly 
informed to locate them by a logical process of elimination. 

Tlie internal-eonduistion motor, wliieli is the power plant of all 
gasoline automobiles, is C'om])osed of a number of distinct groups, 
whic'h in turn include distinct components. These various appliances 
are so closely related to each otlier that defective action of any one 
may interrupt the operation of the entire power plant. Some of the 
auxiliary groups are more necessary than others and the power plant 
will continue to operate for a time even after the failure of some 
important parts "of some of the auxiliary groups. The gasoline engine 
in itself is a com])lete mechanism, hut it is evident that it cannot de- 
liver any power witliout some means of supplying gas to the cylinders 
and igniting the compressed gas charge after it has been compressed 
in the cylinders. From this it is patent that the ignition and car- 
buretion systems are just as essential parts of the power plant as the 
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piston, connecting rod, or cylinder of the motor. The failure of 
either the carburetor or igniting means to function properly will be 
immediately apparent by faulty action of the power plant. 

To insure that the motor will continue to operate it is necessary to 
keep it from overheating by some form of cooling system and to supply 
oil to the moving parts to reduce friction. The cooling and lubrica- 
tion gi’oups are not so important ns carburetion and ignition, as the 
engine would run for a limited period of time even should the cooling 
system fail or the oil sup])ly cense. It would only be a few moments, 
however, before the engine would overheat if tlie cooling system was 
at fault, and the parts seize if ihe lubricating system should fail. 
Any derangement in the carburetor or ignition mechnnitim would man- 
ifest itself at once because the engine operation would be affected, but 
a defect in the cooling or oiling system would not be notic*od so readily. 

The careful motorist will always inspect the motor mechanism 
before starring on a tri]) of any consequence, and if inspection is care- 
fully carried out and loose parts tightened it is seldom that irregular 
operation will be found due to actual breakage of any of the compo- 
nents of the mechanism* T)eteri oral ion du(‘ to natin’al causes matures 
slowly, and suflBcient warning is always given when parts begin to 
wear so satisfactory repairs may be promptly made before serious de- 
rangement or failure is manifested. 

A Typical Engine Stoppage Analyzed. — Before describing the points 
that may fail in the various auxiliary systems it will be well to assume 
a typical case of engine failure and show ihe process^ of locating the 
trouble in a systematic manner by indicating the various steps which 
are in logical order and wiiich could reasonably be followed. In any 
case of engine failure the ignition system, motor compression, and 
carburetor should be tested first. If the ignition system is function- 
ing properly one should determine the amount of compression in all 
cylinders and if this is satisfactor}^ the carlaireting group should be 
tested. If the ignition system is working properly and there is a 
decided resistance in the cylinders when the starting handle is turned, 
proving that there is good compression, one may suspect the Ctirburetor. 

If the carburetor appears to be in good condition, the trouble 
may be caused by the ignition being out of time, which condition is 
possible when the timer is attached to the cam shaft by a set screw 
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or the magneto timing gear to tlie armature shaft by a taper 
and nut retention instead of the , liiore positive key or taper-pin 
fastening. It is possible that the iii]et maniiold may be broken or 
perforated, that the exhaust valve is stuck on its seat because of, a 
broken or bent stem, broken or loose cam. or failure of the cam.-shaft 
drive because the teeth are stripped from the engine shaft or cam-shaft 
gears ; or because the key or other f astening on either gear has failed, 
allowing that member to turn iudeperdently ox the shaft to which it 
normally is attached. The gasoline feed pipe may be clogged or broken, 
the fuel supply may be depleted, or the simt-off cock in the gasoline 
line may have jarred closed. The gasoline filter may be filled with 
dirt or water which prevents passage of the fuel. 

The defects outlined above, except the failure of the gasoline sup- 
ply, are very rare, and if the container is found to contain fuel and 
the pipe line to be clear to the carburetor, it is safe to assume the 
vaporizing device is at fault. If fuel continually runs out of the 
mixing chamber the carburetor is said to be flooded. This condition 
results from faihire of the shut-off needle to seat properly or from a 
punctured hollow metal float or a gasoline-soaked cork float. It is 
possible that not enough gasoline is present in the float chamber. 
If the passage controlled by the float-needle valve is clogged or if the 
float was badly out of adjustment, this contingency would be probable. 
When the carburetor is examined, if the gasoline level appears to be 
at the proper height, one may suspect that a particle of lint, or dust, 
or fine scale, or rust from the gasoline tank has clogged the bore of the 
jet in the mixing chamber. 

If the ignition system and carburetor appear to be in good work ing 
order, and the hand crank shows that tliere is no compression in one 
or more of the cylinders, it means some defect in the valve system. If 
the engine is a multiple-cylinder type and one finds poor compression 
in all of the cylinders it may be due to the rare defect of improper 
valve timing. This may be caused by a gear having altered its position 
on the cam shaft or crank shaft, because of a sheared key or pin having 
permitted the gear to turn about a half of a revolution and then 
having caught and held the gear in place by a broken or jagged end 
so that cam shaft would turn, but the valves open at the wrong time. 
If but one of the cylinders is at fault and the rest appear to have 
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good compression the trouble may be due to a defective condition 
either inside or outside of that cylinder. The external parts may 
be inspected easily, so the following should be looked for: a broken 
valve, a warped valve head, broken valve springs, sticking or bent 
valve stems, dirt under valve scat, leak at valvc-elianiber cap or spark- 
plug gasket. Defective priming cock, cracked cylinder head (rarely 
occurs), leak through cracked spark-plug insulation, valve plunger 
stuck in the guide, lack of clearance between valve-stem end and top 
of plunger caused by loose adjusting screw which has worked up and 
kept the valve from seating. The faulty compression may be due to 
defects inside the motor. The pistbn head may be cracked (rarely 
occurs), piston rings may be broken, the slots in the piston rings 
may be in line, the rings may have lost their elasticity or have become 
gummed in the grooves of the piston, or the piston and cylinder walls 
may be badly scored by a loose wrist pin or by defective lubrication. 
If the motor is a type* with a separate head it is possible the gasket 
or packing between the cylinder and combustion ebamber may leak, 
either admitting water to the cylinder or allowing compression to 
escape. 

Conditions That Cause Failure of Ignition System.— If the first 
test of the motor had showed that the compression was as it should 
be and that there wore no serious mc^'lianical defects and there was 
plenty of gasoline at the carburetor, this would have demonstrated 
that the ignition system was not functioning properly. If a l)attery 
is employed to supply current the first stc]) is to take the spark plugs 
out of the cylinders and test tlie system by turning over the engine 
by hand. If there is no spark in any of the plugs, this may be con- 
sidered a positive indication that there is a broken main current lead 
from the battery, a defective ground connection, a loose ])attery ter- 
minal, or a broken connector. If none of these conditions are present, 
it is safe to say that the battery is no longer caj)able of delivering 
current. If there is no spark at the plugs, ljut the spark-coil vibrator 
functions properly, this shows that the primary' wiring is as it should 
be and that the fault must be looked for in either the wires com- 
prising the secondary circuit, or at the plugs. 

The spark plugs may be short circuited by cracked insulation or 
carbon and oil deposits around the electrode. The secondary wires 
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may be broken or have defective mpiila+ioij which permits the current 
to ground to soiiie metal part of the frame or motor. The battery 
strength should be tested witi' volt or ampere raeter to determine if 
the voltage and amperage are sufficient. Storage-butterv capacity is 
usually gauged by measuring the voltage while dry o^lls are judged by 
their amperage. A storage battery should show at least t^^o volts 
per cell, wljile dry baltcries that indicate less than seven amperes per 
cell are not considered reliable or satisfactory for ignition service. 
If there is no vibration at the coil trembler or vibrator the trouble 
may be due to weak current source, broken timer wires, or defective 
connections at tlie vibrator or com mutator contact points. The elec- 
trodes of the spark plug may bo too far apart to jiermit a spark to 
overcome the resistance of the eompi’essed gas, even if a spark jumps 
the air space, when tlie plug is laid on the cylinder. 

If a magneto is fitted and a spark is obtained between the points 
of the plug and that device or the wire leading to it from the magneto 
is in pro])er condition, the trouble is probably caused by the magneto 
being out of time. This may result if the driving gear is loose on 
the armature shaft or crank sliaft, and is a rare occurrence. If no 
spark is produced at the idugs the secondary wire may be broken, the 
ground wire may make contact with some metallic portion of the 
chassis before it reaches the switch, the carbon collecting brushes may 
be broken or not making contact, the contact points of the make-and- 
break device may be out of adjustment, the wiring may he attached to 
wrong terminals, the distributor filled with metallic particles, carbon, 
dust or oil accumulations, the distrilmtor contacts may not be making 
proper connection because of wear and there may be a more serious 
derangement, such as a burned out secondary winding or a punctured 
condenser. 

If the motor runs intermittently, i. e., starts and runs only a few 
revolutions, aside from the conditions previously outlined, defective 
operation may be due to seizing between parts because of insufficient 
oil or deficient cooling, too much oil in the crank case which fouls 
the cylinder after the crank shaft has revolved a few turns, and de- 
rangements in the ignition or carlmretion systems that may be easily 
remedied. There are a number of defective conditions which may 
exist in the ignition group, that will result in skipping or irregular 
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operation, and the following is the logical order in which the variouB 
points should be inspected ; the parts which demand inspection of tenest 
are considered first; weak source of current due to worn out dry cells 
or discharged storage batteries; weak magnets in magneto, or de- 
fective contacts at magneto; dirt in magneto distributor or poor con- 
tact at collecting brushes. Dirty or cracked insulator at spark plug 
will cause short circuit and can only be detected by careful exami- 
nation. The following points should also be cliecked over when the 
plug is inspected: Excessive space between electrodes, points too close 
together, loose central electrodes, or loose i)oint on plug body, soot 
or oil particles between electrodes, nr on the surface of the insulator. 

When testing a dry battery, the terminals should be gone over 
carefully to make sure that all terminal nuts are light and that there 
are no loose or broken cell connectors. The wiring at the coil, timer, 
and switch should be inspected to see that all connections are tight 
and that the insulation is not chafed or cracked. Defective insulation 
will allow leakage of current, while loose connections make for irreg- 
ular operation. In testing a storage battery care sliould be taken to 
remove all the verdigrjs or sulphate from the terminals before at- 
taching the testing wires. If a magneto is used there may be a short 
circuit in the ground wire or a poor connection at either switch lever or 
switch key. 

The, timer or distributor used with a ])atterv-ignition system may 
be dirty and if the device wabbles or has loose bearings, the primary 
contact will be very poor. The insulating ring at the. timer or dis- 
tributor, or the liber or hard-rubber busliings at magneto or timer 
may allow loss of current if they are cracked. If the ignition system 
employs low-tension sparking jdates the igniter should be removed and 
examined with ])articular reference to the sparking or contact points 
which should bo clean and free from pits or irregular projections. 
The bushing which insulates the fixed contact or anvil from the plate 
should be clean and free from oil or cracks. Wear in the operating 
mechanism of the igniter will cause irregular operation. A poor 
ground contact at a commutator of the high-tension system will cause 
irregular ignition. 

If a vibrator coil is employed the trembler platinum contact points 
should be examined for pits or carbonized particles that would in- 
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terfere with good contaot. If defective, th^^y should be thoroughly 
cleaned and the surfaces of the platinum point on both vibrator spring 
and adjusting screw should be fllcd smooth to msure positive contact. 
The tension of the vibrator spring shouM not be too light or too 
heavy and the vibrator should work rapidly enough to make a sharps 
buzzing sound when contact is established at the timer. The Adjust- 
ing screw should be tight in the vibrator bridge and when proper 
spring tension is obtained the regulating screw rhould be locked firmly 
to prevent movement. 

If the vibrator operates satisfactorily, but there is a brilliant spark 
between the vibrator points and a poor spark at the spark ping, one 
may assume that the coil condenser is punctured. Short circuits in 
tlie condenser or internal wiring of induction coils or magnetos, which 
are fortunately not common, can seldom be remedied except at the 
factory where these devices were made. If an engine stops suddenly 
and the defect is in the ignition system the trouble is usually never 
more serious than a broken or loose wire. This may be easily lo- 
cated by inspecting the wiring at the terminals. Irregular operation 
or misfiring is harder to locate because the trouble can only be found 
after the many possible defective conditions have been checked over, 
one by one. 

Common Defects in Fuel Systems. — Defective carburetion often 
causes misfiring or irregular operation. The common derangement of 
the components of the fuel system that are common enough to warrant 
suspicion and the best methods for their location follows : First, dis- 
connect the feed ])ipe from the curburetor and see if the gasoline 
flows freely from the tank. If the stream coming out of the pipe .s not 
the full size of the orifice it is an indication that the pipe is clogged 
with dirt or that there is an accumulation of rust, scale, or lint in the 
strainer screens of the filter. It is also possible that the fuel shut-off 
valve may be wholly or partly closed. If the gasoline flows by gravity 
the liquid may bo air bound in the tank, while if a pressure-feed sys- 
tem is utilized the tank may leak so that it does not retain pressure; 
the check valve retaining the pressure may be defective or the pipe 
conveying the air or gas under pressure to the tank may be clogged. 

If the gasoline flows from the pipe in a steady stream the carbur- 
etor demands examination. There may be dirt or water in the float 



752 The Modern Gasoline Automobile 

i^llamber^ which will constrict the passage between the float chamber 
and the spray nozzle, or a particle of foreign matter may liave entered 
the nozzle and stopped up the fine holes therein. The float may bind 
on its guide, the needle valve regulating the gasoline-inlet opening in 
bowl may stick to its seat. Any of the conditions mentioned would 
cut down the gasoline supply and the engine would not receive suffi- 
cient quantities of gas. The air-valve spring may be weak or the air 
valve broken. The gasoline-adjusting needle may be loose and jar 
out of adjustment, or the air-valve spring-adjusting nuts may be such 
a poor fit on the stem that adjustments will not be retained. Air may 
leak in through the manifold, due to a porous casting, or leala^ joints 
in a built up form and dilute the mixture. Tlie air-intake dust screen 
may be so clogged with dirt and lint that not enough air will pass 
through the mesh. Water or sediment in the gasoline will cause mis- 
firing because the fuel feed varies when the water or dirt constricts 
the standpipe bore. 

It is possible that the carburetor may be out of adjustment. If 
clouds of black smoke are emitted at the exhaust ]>i])e it is positive 
indication that too muoJi gasoline is being sup])lied the mixture and 
the supply should, be cut down by screwing in the needle valve on 
types where this method of regulation is provided, and by making sure 
that the fuel level is at the proper height in those forms where the 
spray nozzle lias no means of adjustment. If the mixture contains 
too much air there will be a pronounced po])ping back in the carburetor. 
This may be overcome by screwing in the air-valve adjustment so the 
spring tension is increased or by slightly opening up the gasoline- 
supply regulation needle. When a car])uretor is properly adjusted 
and the mixture delivered the cylinder Imrns properly, the exhaust 
gas will be clean and free from the objectionable odor present when 
gasoline is burned in excess. 

If a muffler cut-out is provided the character of combustion may 
be judged by the color of tlie flame which issues from it when the 
engine is running with an open throttle after nightfall. If the 
flame is red, it indicates too much gasoline. If yellowdsh, it shows 
an excess of air, while a properly proportioned mixture will be evi- 
denced by a pronounced blue flame, such as given by a gas-stove 
burner. 
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Defects in Oiling Systems. — While t^ouhles existing in the ignition 
or carburetion groups are usually denoted by hnperfect operation of 
the motor, such as lost power, and misfiring, derangements of the 
lubrication or cooling systeitis are usually r^vident by overheating, dim- 
inution in engine capacity, or noisy operation. Overheating may be 
caused by poor carburetion as much as by deficient cooling or iiisuffi- 
cient oiling. When the oiling group is not functioning as it should 
the friction ])etweeii the motor parts produces lieat. If the cooling 
system is in ])roper condition, as will be evidenced by the condition of 
the water in the radiator, and the carburetion group appears to be in 
good condition, the overlieating is i>robably caui^ed by some deh^ct in 
the oiling system. 

The conditions ihat most commonly result in poor lubrication are: 
Insufficient oil in the engine crank case or sump, broken or clogged 
oil pipes, screen at filtt‘r tiiled with lint or dirt, broken oil pump, or 
defective oil-pump drive. The su])ply of oil may be reduced by a 
defective inlet or discharge-check valve at the mechanical oiler or worn 
puin])s. A clogged oil ])assage or pipe leading to an important bear- 
ing point will cause troulfie because tlie oil cannot get between the 
working surfaces. When simple compression pressure feed lubricators 
are employed the cheek valves may be defective or the container may 
leak. Either of these conditions vrWl prevent the accumulation of 
pressure on the surface of the oil and the feed will not be positive. The 
sight-feed glasses may fill witli oil because the pipes leading from them 
to the engine are full, or because the conductor is clogged with oil wax. 
Tliis gives sufficient warning, liowever, and the oil pipe may be easily 
cleared by removing it and Ifiowing it out with air or steam' linder 
pressure. It is well to remember that much of the trouble caused by 
defective oiling may be prevented by using only the best grades of lu- 
bricant, and even if all parts of the oil system are working properly, 
oils of poor quality will cause friction and overheating. 

Defects in Cooling Systems Outlined. — Cooling systems are very 
simple and are not liable to give trouble as a rule if the radiator is 
kept full of clean water and the circulation is not impeded. When 
overheating is due to defective cooling the most common troubles are 
those that impede water circulation. If the radiator is clogged or the 
piping or water jackets filled with rust or sediment the speed of water 
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escalation will be slow, which will also be the case if the water pump 
or its driving means fail. Some cooling systems arc so closely pro- 
portioned to the actual requirements that the stoppage of a cooling 
fan will be enough to cause the engine to overheat. Any scale or 
sMinient in the water jackets or in the piping or radiator passages 
will reduce the heat conductivity of the metal exposed to the air, and 
the water will not be cooled as quickly as though the scale was not 
present. 

The rubber hose often used in making tlie flexible connections de- 
manded between the radiator and water manifolds of the engine may 
deteriorate inside and particles of riU>ber hang down tliat will reduce 
the area of the passage. The grease from the grease cups mounted 
on the pump-shaft bearing to lubricate tliat member often finds its 
way into the water system and rots the inner walls of the rubber hose, 
this resulting in strips of the partly decom])osed rubber lining hang- 
ing down and restricting the ])assage. The cooling system is prone to 
overheat after antifreezing solutions of wliicli calcium chloride fo^ms 
a part have been used. This is due to the formation of crystals of 
salt in the radiator passages or water jackets, and tliese crystals can 
only be dissolved by suitable chemical means, or removed by scraping 
when the construction permits. 

Overheating is often caused l)y some condition in the fuel system 
that produces too rich mixture. Excess gasoline may be supplied if 
any of the following conditions are present : Bore of spray nozzle or 
standpipe too large, auxiliary air-valve spring too tigld, gasoline level 
too high, loose regulating 'salve, fuel-soaked cork float, ])unctured 
sheet-metal float, dirt under float control shut-off valve or insufficient 
air supply because of a clogged air screen. If pressure feed is utilized 
there may be too much gas pressure in tlie tank, or the float controlled 
mechanism operating the shut-off in either the auxiliary tank on the 
dash or the float bowl of the carburetor may not act quickly enough. 

Some Causes of Noisy Operation. — There are a number of poVer- 
plaiit derangements which give positive indication becauwse of noisy 
operation. Any knocking or rattling sounds are usually prodifced by 
wear in connecting rods or main bearings of ^he engine, though some- 
times a sharp metallic knock, which is very much the same as that 
produced by a loose bearing, is due to carbon deposits in the cylinder 
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heads, or premature ignition due advanced spark-time lerei^. 
Squeaking sounds invariably indicate diy bearings, and "whenever suqh ^ 
a sound is heard it should be ininie 3 lately located and oil applied to 
the parts thus denoting their dry condi^'ion. Whistling or blowing; 
sounds are produced by leaks, either in the engine itself or in th0 
gas manifolds. A sJiarj) whistle denotes t^e escape of gas undpr pres- 
sure and is usually caused by a defective packing or gasket that seals 
a portion of the combustion chamber or that i*, used for a Joint the 
exhaust manifold- A blowing sound indicates a leaky packing in 
crank case. Grinding noisi*8 in the motor are usually caused by the 
timing gears and will obtain if these gears are dry or if they have 
become worn. Whenever a loud knocking sound is heard careful in- 
spection should be made to locate the cause of the trouble. Much 
harm may be done in a few minutes if the engine is run with loose 
connecting rod or bearings tliat would be prevented by taking up the 
wear or looseness between tlie })arts by some means of adjustment. 

As a general rule the average motorist is not sufficiently informed 
mechanically to undertake repairs of worn motor parts, and whenever 
repairs of a meclianieal nature are necessary it will be much more sat- 
isfactory and cheaper to have them done by experienced mechanics or 
repairmen. Ordinary adjustments may be attempted by even the 
inexpert, but it sliould be remembered tliat nothing may be changed 
without a good reason existing for making the alteration. It is not 
proposed to discuss tlie various causes of noisy operation at length be- 
cause the defective conditions which are evident by noisy action can 
usually be remedied only by skilled labor. The common defects of 
the auxiliary groups have been mentioned in detail, however, because 
these troubles may occur on the road and it is well for the motorist 
to be familiar with xne common derangements that may result in ir- 
regular engine operation or loss of power. 

It is not in the Vcope of a work of this nature to analyze fully the 
mechanical derangement and methods of restoration because a separate 
volume would be needed tp bring these points out adequately enough 
to be of value. If the motorist follows the hints given in this chap- 
ter he is not likely to be stalled on the road by simpler defects which 
he can remedy as well as the more expert. It is well to remember 
that common troubles can only be located by systematic search and 
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Li causeB of imperfect engine action are often located by those who 
do not recognize the symptoms because they follow a logical process 
of eliminetion. Tt must be evident that all of tlie defects outlined 
will never happen within the average experience, but the conditions 
defined have been named because they have occurred often enough and 
are sufficiently common to warrant suspicion if trouble is experienced. 

Brief Summary of Hints for Locating Engine Troubles. — First 
make sure that all cylinders have compression. To a^'ertain this, 
open pet cocks of all cylinders except the one to be tested, crank 
over motor and see tliat a strong oi)])Osilion to cranking is met wdtli 
once in two revolutions. If niotgr lias no pet cocks, crank and 
notice that oppo^^itions are met at equal distances, two to every revo- 
lution of the starting crank in a four-cylinder motor. If coni])ression 
is lacking, examine the ])arts of the cylinder or cylinders at fault in 
the following order, trying to start the motor wdienoTcr any one fault 
is found and remedied. See that the vahe push rods do not touch 
valve stems for more tlian ap])roximately 4 re\olution in e\erv 3 
revolutions, and that there is not more than Y 32 inch clearance be- 
tween them. Make sure that tlie exliausl \alve seats. To determine 
this examine the spring and see that it is connected to the valve stem 
properly. Take out Talve and see tliat there is no obstruction, sucli as 
carbon, on its seat. See that \aive works freely in its guide. Examine 
inlet valve in bamc manner. Listen for hissing sound while cranking 
motor for leaks at other places. 

Make sure that a s])ark occurs in each cylinder as follows: If 
using battery and vibrating coil system, get commutator rotor on 
contact. Tut switch in ^^on’^ position. See that vibrator works. 
Examine adjustment of vi])raior. Test condition of battery. Take 
out spark plug, widen gaj) to nearly i inch, lay it on the cylinder 
and, with switch on and vibrator working, see if spark occurs. Be sure 
to bring plug points closer logetber, almost 1/33." before replacing in 
cylinder. If gap in ])lug cannot be widened, try another plug (from a 
cylinder that does work). Examine all wires for proper position, good 
connections, breaks and short cin'uits. See that commutator is timed 
correctly. If magneto or magneto and battery with non- vibrating 
coil is used: Disconnect wire from spark plug, hold end about 4 inch 
from cylinder. Have motor cranked briskly and see if spark occurs. 
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Examine adjustment of* interrupter See that wires are' 

placed correctly and not short circuited Take out spark plug and lay 
it on the cylinder, being careful that base of plug only touches the 
cylinder. Have motor cranked briskly and see if spark occurs. Check 
timing of magneto and see that all brushes are making contact. 

See if there is gasoline in the carbureto'". See that there ii gaso- 
line in the tank. Examine valve at tank. Prime carburetor and see 
that spray nozzle passage is clear. Be sure tl: ’ottle is open. Prime 
cylinders by putting about a tcaspoonful of gasoline in through pet 
cock or spark plug opening. Adjust carburetor if necessary. 



CHAPTER XIV 


Keeping Up the Motor-Car Chassis — Common Defects of Clutches and Gear- 
sets — Faults in Chain- and Shaft-Driving Systems— Troubles in Front and 
Rear Axles — ^Adjustment of Brakes — Care of ]Vliscellanef)us Chassis Com- 
ponents — Maintenance of Body Finish, Tops, and Upholstery. 

WiiEN" *any defects exist in the power plant they are immediately 
evidenced by lost power, misfiring, overheating, or other positive indi- 
cations that cannot be neglected. There are many points in the chas- 
sis that may wear and be faulty in action that will not be immediately 
apparent. Deterioration may exist in the povsxu’-transmissiori elements 
which will mean a serious diminution in power, hut as the motor car 
will run more or less capably the faults are not generally known and 
cannot be definitely ^located by motorists. There are some points 
where wear or loose parts may directly concern the safety of the oc- 
cupants of the car. For instance, any defec^t in either the steering 
gear or the brakes might result disastrously in event of failure. It is 
not possible to discuss all the points that may need attention or to 
consider at length the restoration of defective components, but it is 
well to consider some of the common troul)les wliich may result in im- 
perfect operation and whicJi can be easily eliminated. 

Common Defects in Clutches. — (Considering first th5 member of 
the transmission system that will affect the efficiency of the entire as- 
sembly when deranged, it will be well to discuss the troubles common 
to the various types of clutches. The defective conditions that most 
often materialize are too sudden engagement wliich causes grabbing,” 
failure to engage properly, slipping under load, and poor release. 
Clutches utilizing a leather facing will cause trouble after a time be- 
cause of natural wear or some defect of the friction facing. The 
leather may be charred by heat caused by slipping, or it may have 
become packed down hard and have lost most .of its resiliency. The 
clutch spring may be weakened, or broken: this will cause the clutch 
to slip even if the leather facing of the cone is in good condition. 
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The two troublefi usually met with by the motorist are harsh action^- 
as one extreme condition, and ^oss of powei* chroiLgh slippage as the 
otlier. 

When a cone clutch engages ^^oo suddenly it is generally caused 
by the surface of the leatlierJming becoming hard and not having 
sufficient resiliency to yield io some extent when first brougiit into 
frictional contact. To insure gradual cluidi application the i^cing 
should be soft and elastic. It* the leather is not burned or worn upduly 
it may often be softened by rubbing it with neatsfoot oil. Kerosene 
oil is often enough to keep tiie clutch leather pliable and it possesses 
so little lubricating value tliat the clutch members are not liable to 
slip because of a reduced coefficieiit of friction such as often caused 
by the ajiplication of more viscous lul)ricaiits. Kerosene has other 
advantages, among which may be mentioned (juick penetration of the 
leather and not collecting grit or gumming. 

When a cone clutcdi sli]>s it is usually due to a coating of oil on 
the frictional material that decreases tlie value of the coefficient of 
friction to such a point that the pressure of the clutch spring is not 
enough to maintain sufficient frictional contact between the male and 
female memliers to insure driving. The remedy for this condition is 
to absorb the surplus oil by rubbing a small quantity of Fuller’s earth 
into the leatlicr surface. When the clutch cone is in place it is not 
easy to reach tlie surface of the leather, so the first step would be to 
disengage or release the clutch and to place enough of the Fuller’s 
earth on a piece of pa])or or card so it can be sprinkled into the space 
loft between the male and female memliers when the former is properly 
released. Borax is sometimes recommended for the same purpose and 
when the earth or borax are not available the carbide dust or lime 
residue from the acetylene-gas generator may be used to advantage. 
If slipping is caused by weakening of the clutch spring it may be 
prevented by substituting springs of proper strength or by increasing 
the degree of compression of the weak springs by some means of ad- 
justment if provided for the purpose. 

Another annoying condition that sometimes obtains when a cone 
clutch is used is spinning or continued rotation of the male member 
when clutch-spring pressure is released. This may be the result of 
natural causes but it is sometimes caused by a defect in the clutch 
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mechanism. If the bearing on which the cone revolves when dis- 
engaged seizes because of lack of lubricant the male member of the 
clutcli will continue to rotate even when S])ring pressure is released. 
The ball-thrust bearing employed to resist spring tension may become 
wedged by a broken ball and this will cause the rotation of the crank 
slu|ft to be imparted to the cone member, tlirough the spring, which 
must turn with the crank shaft instead of remaining stationary, as 
would be the case if the ball-thrust bearing was functioning properly. 

On those cars fitted with multiple-disk clutches the same troubles 
may be experienced as with other t3’^pes. If a multiple-disk clutch 
does not release properly it is because. the surfaces of the ])lates have 
become rough and tend to drag. The plates of a multij)! e-disk clutch 
should be free from roughness and the surfaces should always be 
smooth and clean. Harsh engagement also results by the absence of 
oil in those tj^pes where the disks are designed to run into an oil bath. 
Spinning or continued rotation of a multii)le-disk clutch often results 
from seizing due to gummed oil, the presence of carbon or burned oil 
between the plates and sometimes by a lack of oil between the mem- 
bers. When a multiple-disk clutch slips, it is generally caused by 
lack of strength of the clutch springs or distortion of the plates. To 
secure the best results from a multiple-disk clutch it is impiW'ative 
that only certain grades of oil be used. If one uses a cheap or in- 
ferior lubricant it will giam and carbonize l)ecause of tlie heat present 
when the plates slip or it will have such viscosity that it will gum up 
between the plates. Most authorities recommend a good giude of 
light or medium cylinder oil in multiple-disk clutches where lubricant 
is required. In some cases faulty multiple-disk clutch action is due 
to brooming,’^ whicli is tlie condition that exists when the sides of 
the keyways or the edges of the disk become burred over and prevent 
full contact of the plates. 

Faulty clutch action lias often been traced to points separate from 
the clutch mechanism. Some cases of failure of clutch to release have 
been found due to imperfect relation of interlocking levers and rods 
or wear in some mechanical parts. If a elutch-sliifting collar is worn 
unduly or the small pins in the rod connects ig the clutch pedal with 
the release mechanism have worn to any extent the pedal may be fully 
depressed and yet the pressure of the spring depended upon to keep 
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the parts in contact will not be reduced to any extent. Sometimes the 
emergency-brake lever may Ji'^ve an interloc‘k’ng ieve»’age to release the 
clutch when it is applied, and when the brake rods are shortened to 
compensate for wear of the brakes the change in length of the operat- 
ing rods may throw out the clutch me<:hanisTr slightly and cause slip- 
ping of the cJutcli because the spring pressure may be parHally relieved. 

Derangements in Change-Speed Gearing. — previoasly explamed, 
the simj)lest form of gearing to obtain various speed ratios is the 
friction-disk type. Failure to drive properly may result from exces- 
sive oil on either tlie face of the driving disk or the periphery of the 
driving wheel, lost motion, wear or spring at various points in the 
operating mechanism, or deterioration of tJie surfaces of either driving 
disks or driven wlieel. If trouble is experienced in a friction trans- 
mission the first ])oint to inspect is the condition of the friction sur- 
faces. If excessive cle])osits of oil have causc'd vslipping it should ]>e 
thoroughly removed with gasoline and the surface of both disk and 
wheel 8]>rinkled witli talc powder. It the face of the aluminum-alloy 
driving disk is grooved or roughened, slipping is inevitable until the 
disk is refaced alisolutely time. The strawboard -fiber friction band 
of the driven wlieel may broom " out, and tliis will cause slipping 
because the surface is not true. As a general rule, the filler ring of 
the friction transmission should be renewed after it has been used 
from 2,500 to 8,000 miles. Wear at the countershaft hearings will 
produce a tendency for the driven wlieel to crowd toward the center 
or edge of the driving disk, depending upon the relation of the actual 
line of contact with the theoretical contact line drawn through the 
disk. Lost motion or sjiring in the parts serving to engage the fric- 
tion surfaces will cause slijiping because the degree of pressure nices- 
sary to secure the frictional adhesion required between the members 
to secure positive driving will be reduced. 

The chief trouble with a planetary transmission is caused by slip- 
ping clutch bands. These are provided with adjustments that can be 
tightened in case of wear and should grip positively. If either the 
slow or reverse hands are adjusted too tight they will bind on the 
drums and produce friction, which in turn will decrease the efficiency 
of the drive. Noisy action of planetary gearing is usually caused by 
lack of lubrication or excessive wear in the gearing. If the oiling is 
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properly taken care of this condition will be practically eliminated. 
Sometimes tiie high-speed clutch may slip^ but most planetary gears 
are provided with adjustable clutches so any wear may be readily 
taken up. 

When sliding-gear transmissions are used the most common defect 
is difficulty in shifting gears and noisy operation. The difficulty met 
with in gear shifting is usually caused by the edges of tlie teeth of 
the shifting members having burred over so that they do not pass 
readily into the spaces between the teeth of the gears they engage 
with. Another cause of poor gear shifting is deterioration of the 
bearings which may change the center distances of the sliafts to a 
certain degree^ and the relation of the gears may be changed relative 
to each other sp they will not slide into mesh as freely as they should. 
ISToisy operation is usually due to a defective condition of lubrication, 
and if the gears are not worn too much it may be minimized to a large 
extent by filling- the gear case with oil of sufficient consistency to 
cushion the gear teeth and yet not be so viscous that it will not flow’ 
readily to all bearing points. A difficulty in shifting is sometimes due 
to binding in the control levers or selective rods, and these should 
always work freely if prompt gear shifting is required. If consider- 
able difficulty is experienced in meshing the gears and the trouble is 
not found in the gearset, it will be well to examine the clutch to 
make sure that the driven member attached to the gearset main 
shaft does not spin or continue to revolve after the foot pedal 
is depressed. ^ ^ 

Faults in Chain- and Shaft-Driving Systems. — ^^Vhile ]:»0Aver trans- 
mission by chains is not as common at the present time in pleasure- 
car practice as it has been in the past, side-chain drive is used to 
considerable advantage in motor-truck work so the following hints 
on chain care and adjustment will prove timely. Much of the trouble 
experienced when chain drive is employed can be traced to faulty 
design as a basis. The teeth of the sprockets may not be properly 
shaped and may not be of the form best adapted for the chain designed 
to run over them. As most chains are exposed and run without a 
covering of any kind, the action of the road oust and gravel is to com- 
bine with the grease often rubbed on the outside on the pretext of 
oiling the chain and form an abrasive that will produce rapid wear 
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between chain and sprocket and the vuiio .s links of which the chaiii. 
is composed. 

To obtain Hie best results from ^jhain drive the chains must 
maintained in correct adjustment by the radius rods provided foi the 
purpose. If a chain is allowed to run too loose it will whip and is 
liable to climi) the teeth of the sprocket. If the cl.ain is adjusted 
too tight, there will be a strain on all parts and it is liable to snap 
when it leaves the sprocket, especially if the teeth arc worn hook shape. 
A safe rule to remember when adjusting chains is to have them tight 
enougli so that it is not possible to raise it from the first tooth with * 
which it meshes on either sprocket, even with the aid of a lever such 
as large screw driver or tire iron. 

Chains must be kept clean and properly oiled. The best method 
of removing tlie dirt is to take the chain off the sprockets and let it 
soak long enough in a large i)an containing kerosene so all the dirt 
and gummed oil is removed thoroughly from all the interior bearing 
surfaces. It should be gone over thorouglily with a stiff bristle brush 
until each link works freely. The chain is then immersed in a pan 
of gasoline to remove any small particles of grit that the kerosene may 
have failed to dissolve. After the gasoline bath it is wiped with a 
clean cloth until it is dry and clean. The proper method of chain 
lubrication is not generally understood and in many instances it is 
accomplished by coating the outside of the chain with a graphite- 
grease combination that serves no useful purpose, and acts merely 
as a collecting agent for dust and grit. The proper method of chain 
oiling is by immersing the cleaned chain in a molten mixture of tal- 
low or mineral grease and graphite. The entire chain is immersed 
in this mixture, which is kept hot so it will penetrate all the minute 
interstices of the chain links and produce a thin coating of lubricant 
at all the working surfaces. The chain is removed from the bath 
of lubricant and while still hot all surplus oil is wiped off until the 
outside of the chain is dry and clean. This method insures proper 
lubrication of the many small joints usually neglected and should be 
done every thousand miles. 

But little trouble is experienced with shaft-driving systems be- 
cause the driving gearing and universal joints are so well enclosed on 
modern axles. The bevel-driving gears are packed in lubricant 
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as a rule, and but little wear is noted, even after several seasons of use. 
An important point to observe with all forms of axles is to make 
rare that the antifriction bearings are kept properly cleaned and 
oiled. The oil used should contain no acid and should be of the 
best quality. Care should be taken in washing the car so that water 
will be prevented from entering the bearing points. If the bevel 
. gears of the rear axle grind it is due to improper adjustment or ex- 
cessive wear between the teeth. Grinding sounds usually result from 
meshing the gears too deeply, while loose adjustment is manifested by 
rattling. 

Care of Front Axles and Steering Connections. — The wheels of 
front axles, especially on the lighter runabouts fitted with ball bearings 
of the ] tressed steel cup and adjustable cone type, should be carefully 
examined from time to time. As a general rule, the wear upon tlie 
cones of such bearings is rapid because of the stresses obtaining at 
this point. It is well .to jack up the axle from time to time and turn 
tlie wheels by hand to insure that they turn freely, and to move them 
to see if there is any play or loss motion that would indicate either 
wear or poor adjustment of the bearings. When examined the balls 
should be perfectly round and smooth and the cones and races should 
have unbroken surfaces. Care should be taken in adjusting the cone 
so the wheels turn freely and yet they should be tight enough so no 
play will exist between the front wlieel and the bearings. If th^ 
cones are adjusted up too tight the balls will be wedged in Jtich' a 
way that tliey will soon cut into the race ways. As q general rule, 
annular ball bearings will need but little attention. The steering 
knuckles should be looked over to see that the spindle bolts are right, 
and the various joints of the drag link and tiebar should be carefully 
examined for any lost motion. It is desirable to encase all the smail 
joints forming part of the steering system in small leather bags packed 
with lubricant, because if these joints are kept well oiled and protected 
from grit there will be but little wear at those points.' 

Adjustment of Brakes. — The means of adjusting brakes may be 
easily ascertained by inspection. If brakes do not hold properly and 
the friction facing is in good condition ana free from oil, the failure 
to grip the drum is probably due to wear in the operating leverage. 
On some form of brakes, notably those which are expanded by a toggle 
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joint or cam motion, com^e^&ation for v ear of the brake shoes is 
often made by sliortening the rods running from the brake to the 
operating lever. External brakes are uFjally provided with an adjust- 
ment on the brake band, which permits one to draw the ends of the 
band closer together and take up mucli of tlie lost i^otion between 
the band and the brake dnim. When adjusting brakes it is necelssary 
to make the adjustment so the brakes will take hold together. If 
one member is adjusted so that it will grip its d: uni before the other 
does, there will be considerable strain on the tires and a tendency to 
side slipping every time the brakes are applied. Alter the brakes are 
adjusted it is wcdl to jack up the axle to make sure that the wheels 
turn freely and that there is no binding between the brake members 
and the drums on the hubs. If the brakes are adjusted too tightly 
the friction will cause heat after the car has been run a short distance, 
and this increase in temperature is a very good indication of power 
loss ])y fric'tion between the brake and the drum. If the brakes are 
not adjusted sufficiently tight a full movement of the 2)edal or hand 
lever wdll jirovc inadequate to a])ply the lirakes tight enough to stop 
rotation of the wheels. The bearings used in rear wheels are usually 
of the nonadjustable antifriction types and re([uire practically no at- 
tention exce})t to keep them ]moperly oiled and cleaned. 

Care of Miscellaneous Chassis Components. — \ common trouble 
with all ty])es of motor-car frames is that after a period of use they 
may sag down at the center. This condition may produce difficulty in 
clutch shifting or gear actuation because it may cause cramping 
or binding of the operating mechanism. A sagging frame is usually 
strengthened and brought back into place by a strut rod and tarn 
buckle arrangement which may be installed under the defeciive mem- 
ber by any com])etent mechanic. The various frame members some- 
times become loose owing to the play in the rivets caused by the frame 
distortions. Another point of importance is lost motion in spring 
hangers and shackles and often the bolts passing through the spring 
eye and the shackle links may be found worn half through if in- 
spected after a season’s use. On many cars no provision has been 
made for lubricating these points and the deterioration produces 
squeaking and rattles when the car is operated over rough roads. If 
the spring action is harsh and if these members squeak the spring 
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leaves should be pried apart after the spring clips have been loosened 
a trifle and oil introduced between the leaves. 

Back lash in the steering mechanism is often a source of annoyance 
to motorists^ but if it is present only in the reduction gears at tlie 
bottom of the steering posts it is not a serious defect. On some types 
of worm and worm-wheel gears the worm-wheel shaft is provided with 
eccentric bushings and a certain amount of wear may be taken up by 
turning these so that the gear teeth are brought into closer relation. 
In cases where the control-lever rods go down tlirough tlie center of the 
steering column accumulations of rust will sometimes cause stiff action. 
This condition is easily remedied by removing the rod and surround- 
ing tube member, cleaning out the rust, and putting tlie parts back 
after tliey have been thoroughly oiled. 

The suggestions given in this chapter and the preceding one should 
prove of value to all motorists by assisting them in securing a knowl- 
edge of the more common trouldes incidental to motor-car operation. 
The general suggestions given cannot be considered applying to any 
specific case because they are so general in character, and obviously the 
differences in construction of the various cars will have to be taken 
into consideration in attempting to apply the suggestions given 
advantageously. Enough of the ordinary defects have been men- 
tioned so that almost any ordinary derangement can be located and 
remedied. 

Maintenance of Body and Upholstery. — Many motorists are at loss 
to understand the reason lor quick deterioration of thd brightly var- 
nished surfaces of a motor-car body that has been in use for some time. 
The paint may be blistered or cracked or the finish may he spotted 
.at various points. Bodies that were formerly black will assume a blu- 
ish tinge and bright varnish will soon become dull. If the car is an 
expensive one, the motorist is Justified in expecting a degree of finish 
that will endure, Imt those who ])urchase cheaper cars must expect 
to lose the bright finish after the car has been used for a time. Wliere 
cars are manufactured in large quantities, the varnish is ofteri applied 
before some of the under coats are thoroughly dried, and the result 
will be a series of blisters. Another result of hasty manufacture and 
of putting the car in service soon after painting is spotting. This is 
produced by dry mud which extracts some of the oil or gum from 
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tlie varnisli and may often be caused by actual chemical action of 
alkaline mud. The mud of city btreels, especially at points where 
there is a great deal of animal traffic jV highly charged with ammonia, 
and in certain clay or lime districts the niu<? is very destructive to the 
varnish luster. 

Even wlien a car has been properly varnished and finished* tO'^re 
are many conditions for whicl) the motorist is directly or indirectly 
to ])lanie which will ruin even the highest grade of paint and varnish. 
For instance, when ears are cleaned at garages various soaps and wash- 
ing compounds are used wliicli contain alkaline materials to assist 
in removing dirt and oil but which are very destructive to the highly 
finished, varnislied surfaces. Most of the soaps u])on tlie market con- 
tain ingredients whieli have a chemical action on the oils of paint and 
causes it to deteriorate. Tliere are soa])s which do not damage painted 
surfaces, hut tiiese are usually more costly and require more care and 
labor to remove the dirt ai'cumulation so they are not apt to be gen- 
erally used. The grades of soap that act the quickest in cutting grease 
are iliose that will nioro (juiekly dull the surfaces of the body. 

Some very good carriage ])a inters go so far as advising that no 
soap ])e usi‘(l on finely varnished surfaces. Some ])ainters advise 
against dusting olf a ear and claim that accumulations of this sub- 
stance sliould be removed from the surface hy washing. It is con- 
tended that wiping off the dust will have the effect of scratching the 
varnished surfaces and that tlie best metliod of removing either dust, 
mud, or dirt, is to flush tlie surfaces with water from a hose. After 
as much of the dirt has been removed by this method as possible a 
sponge may lie used, but care must be taken tliai no grit is perm tied 
to collect beneath the sponge and tliat the stream of water from the 
hose be always kept at work ahead of the sponge. 

If any grease is present on the running gear it should be removed 
with gasoline or benzene, and while these substances may deaden the 
varnished surfaces temporarily the blemish will not remain if the dull 
varnish is polished with a clean soft cloth wet with linseed oil. The 
finish of many automobiles is ruined by allowing accumulations of oil 
or asphalt from freshly tarred or oiled roads to remain on the body 
work. These substances should not be allowed to remain any longer 
than possible, and if the oil or asphalt has become hardened, it may 
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be dissolved by using naphtha, vaseline, or even butter. After the oily 
accumulations have been dissolved the car should be very carefully 
washed to remove all traces of the oily mud or the solvents. 

^ Of course there are portions of the car where it is difficult to have 
the paint stay in good condition. The ])aint is often burned off that 
part of the hood on a gasoline machine adjacent the exhaust pipe or 
on those portions of the hood of a steam car which cover the boiler 
or burner. Any part of the hood subjected to considerable heat will 
become discolored after a time and if the heat is intense the paint will 
burn and blister. If care is taken to keep the body properly washed 
by using only the best grade of cliiTiage soap o])tainable and only 
clean water, sponges, and chamois clotlis, the body finish will be pre- 
served for a much longer time than if washing is neglected and the 
mud or dirt allowed to dry on the varnished surfaces. The use of 
quick-acting soaps should be avoided as much as possible and tar or 
oil accumulations should be removed as soon as conditions will permit. 
If a car is kept in a barn or shed housing horses or cattle, or adjacent 
to a stable the fumes of ammonia will soon cause deterioration of the 
paint and varnish. One should never touch dusty surfaces with the 
hands or attempt to remove the dust by brushing off with a cloth. 
As a general rule, an automobile body will need to be gone over eveiy 
season. The first year that the car is in use the paint should be in 
good enough condition, if proper attention has ])een paid to washing, 
so that a coat of varnish will suffice to restore the body to its pristine 
brilliancy. A car that has ])een used more than one season will need 
both painting and varnishing to make a good job. 

The matter of cleaning and caring for tops and upholstery is also 
one that should be considered to some extent. Mohair tops are usu- 
ally fitted to high-grade cars, leather to medium-priced cars, and imi- 
tation leather or pantosote on the cheaper cars. In cleaning mohair 
tops, it is necessary to remove not only dust and dirt but particles of 
grease or oily matter thrown up against it by the wheels from either 
the road surface or ])ortions of the mechanism. Dust should be re- 
moved with a moist sponge, while grease or oil stains can be taken 
off by a sponge and good soapsuds. Leather and imitation-leather 
tops should be treated with some form of preservative. Some dress- 
ings may be purchased all ready mixed and may be applied by the 
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motorist himself. Others., may be prepaiud at very little expense* 
Shabby leather may be made to look bi-i^iiter by rubbing over the 
surface with either linseed oiJ or the well-beaten wJiite of an egg 
mixed with a little bliick ink. Beiore applying aiiy type of dressing, 
it is advised to go over the surface with neatsfoot oil until it has 
been pro])erIy softened, and often the oil Ireacment will be sutiicienL tor 
all practical purposes. 

The following recipe is given as a good preservative for leather. 
It is composed of six ])arts of sjicrinaceti, eigiitceii parts of beeswax, 
live parts of asphalt varnish, live ])aris black vine twig, two parts 
Prussian blue, one ])a]d nitrohenzol, one part powdered borax, and 
sixty-six ]jarts oil of tur])entine. The wax is melted and the borax 
is added, after whicdi tlic mixture is stirred until a j(dlylik(* mass is 
formed. In another ])an the s})ermaceti is melted, the varnish which 
has been jireviously mixed with turpentine is added, and the mass 
stirred well and added to wax mixture in the otlier vessel. The color 
is the last ingredient added, this having l)een ])reviously rubbed smooth 
with a little of the mixture. The material is applied witli a bnish 
about once a week in small (piantities and is wiped well witli a soft 
cloth to polish after application. 

Another formula for giving new life to leather tops or upholstery 
is given as follows: 


Ground Ruby Shellac 2.25 parts 

Dark Rosin 91 parts 

Sandaric Ho parts 

Gum Resin 115 parts 

Aniline Black (Spirit Soluble) 115 parts 

Lamp Black 115 parts 

Wood Alcohol 22.50 parts 


Tlie first step in preparing tliis mixture is to dissolve tlie sandaric, 
dark resin, gum resin, and shellac in tlie alcohol ; next the 
aniline black is added and finally the lamp black, which has been 
ground to a paste with a little of the liquid, is mixed in. After the 
whole has been thoroughly mixed it is filtered. This is applied to 
the top or upholstery with a brush and is polished with a soft cloth 
or brush. 
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On genuine leather tops, upholstery, and for the leather straps 
holding the top a good gi’acle of harness oil is often sufficient. The 
following will be found an effective mixture : 


Oil of Turpentine 2 ozs. 

Lamp Black 1^2 oz. 

Neatsfoot oil 10 ozs. 

Vaseline 4 ozs. 


The lamp black is mixed with the turpentine and the neatsfoot oil, 
and the vaseline is tliinned by liealing it, and tlio ingredients are 
mixed by shaking together. When the mixture cools it will be in 
the form of a grease or paste whicli is ru])bed well into the leather to 
be preserved or softened. 

If a oar has been used on a wet or stormy day the top should be 
kept up until it is thoroughly dry, as if it is inserted in the top case 
or folded while wet the lining might mildew or rot. In folding tops 
care should be taken to have the folds even and to have as few 
wrinkles as possible. The various bows comprising the framework of 
the top should bo separated ly small nibl^er pads and the whole firmly 
strapped together hy leatlier bands applied at each side of the folded 
top frame to prevent rattle. 

Upholstery is usually preserved by sli]) covers of varioiis grades of 
cloth applied to the cushions and to the hacks of the seats. As 
most cushions and seat backs are u])}iolsterod with leather or the 
various fahiics imitating it, the same dressings that have been recom- 
mended for tops may be used to advantage in, treating the cushions 
and seat backs. In some of the highor-})riced (-ars, especially of the 
closed-body form, various grades of broadcloth, lUnlford cord, or other 
textile fabrics are used. When these become dirty they must be 
treated very carefully and by an ex])erienced cleaner because ordinary 
metliods of removing grease spots will cause unsightly discolorations 
of the fine fabrics. Where high-grade upholstering materials are used 
slip covers are really necessary. These should be kept in place at all 
times that the passengers are in ordinary street or business dress, but 
may be removed and the clean upholstering used at such times that 
it is desirable not to dirty the clothing as when evening clothes 
are worn. If the cushions or seat backs are torn, or otherwise dam- 
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agcd^ restoration can only be made by f ii uplio^-sterer or carriage 
triinnier. Wiienever any of the preservative dressings are applied 
to the u])liolstery, it is well to wipe all traces of the dressing very 
carefully in order that‘it> will not :'oii the clothing. 

How to Keep the Hands Soft.- - rhe meclianisni of an aiitomobiJe 
is very dirty and the fact that this grime is very hard tO rejnove from 
the hands often deters motorisis from making necessary adjustments. 
It is not difficult to keep tlie liands soft and to r^miovo dirt or grease 
accumulations if i)ro]jcr precautions are taken before the work is 
started. first o]K‘ration is to coat the hands thoroughly with a 

fine sofi-soa]) paste and nil) it tlioroughly into the pores of the skin 
and under tlie tinger nails ])eforc starting in to work. After a little 
nibbing tlie soa|) is absorlied by the poies and a]>parently disappears. 
When the repairs arc completed the hands are dipped in water and a 
little powdered pumice stone or sawdust soaked in kerosene oil is 
nibbed in tlioroughly uutil the soap is brought to a lather. The hands 
are tlien washed in tlie ordinary manner and the dirty soap removed 
from under the finger nails. As tlie pores are filled with soap they 
cannot fill witli dirt and the ])rotocting influence of the soap under 
tlie nails keeps out tlie dirt, whicli cannot collect at ])oints where it is 
not readily accessible. Bran or sawdust moistened in kerosene and 
ns(‘d in connection witli ordinary soa]) is very good to remove the dirt 
without injuring the liands. Abirious grades of prepared band soap 
may be olitairiod on tlie market but most of these contain ingredients 
wliicli injure tlie skin. Strong alkalies are used in many cases to 
remove the dirt and such compounds sliould not be used if they dis- 
color the can in which they are sold. Any siilistance that will ha' e a 
strong enougli chemical action on metal to corrode it is not fit to oe 
used on the skin, 

A Few Words of Caution in Conclusion. — In order to obtain the 
best results from an automobile it is imperative that the owner famil- 
iarize himself with all the details of its operation unless he is sufficient- 
ly wealtliy to liire lielp to drive and look after tlie car. All ear 
owners who expect to look after their own machines must first acquire 
a knowledge of all details of the oiling system and the various points 
of the cliassis that require oiling. More machines wear out because 
of lack of proper attention to lubrication than because of the amount of 
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work done, as present designs of modern automobile parts are thor- 
oughly reliable and can be depended on to give satisfactory service 
for many thousand miles without mechanical deterioration. These 
results can only be obtained if care is taken to keep every moving 
part clean and properly Jubric^ated. 

Tlie rules given for the proper care of tires should be followed 
to the letter because the item of tire maintenance is one of the most 
costly of all tlie expenses incidental to motor-car operation. Careful 
driving and the judicious control of the car will do much toward 
maintaining efficiency of the mechanism and it is well to remember 
that more liarm can be done to* the various chassis parts by a fast 
run of a few hundred miles than will result from thousands of miles of 
slow(‘r diiving. Jt is well to drive c*antiously at all times and to 
remem])er that other users of the highways have rights that must be 
res})C(‘ted. When ojierating a c^ar on rough roads the s])eed should 
always lie reduccnl to a low ])oint, and usually the comfort of the pas- 
sengers will provide. the ])est indication of whether the car is being 
operated at tlie proper sj)eed or not. 

As soon as any parts are defective and repairs are necessary that 
cannot l)e made by the motorist himself the work of restoration should 
be given to a competent mechanic even if his charges are higher than 
those having loss experience. At thci (‘nd of every active riding s(?ason 
and hefoi’c the incef)tion of the new period of service the car sliould be 
thoroughly overlianled, and one who is a))]c to appreciate the value of 
tins work of restoration and wlio takes care of the mechanism always 
has a machine that is in good running order and that will give satis- 
factory sei’vic^e. Many motorists are short-sig])ted because they neg- 
lect the mechanism and run the macliine as long as it will hold to- 
gether. As a rule, these are the pessimists who liold that automobiles 
are an unreliable and costly possession. 



CHAPTEE XV 


Why Current Flows. — In Fig*. 381 is shown two tanks, A and B, 
connected by a pipe. Lot tank A, wliich is filled with water, repre- 
sent the positive element K of the cell I, and the empty tank B the 
negative element L. I^et pipe E connecting the two ^anks represent 
wires J connecting the two elements. It is evident that water 'vriil 
flow through the pipe from the full tank to the empty tank until both 
contain the same quantity and the pressures are equal. 

Likewise in the battery cell electricity will fiow through the wire 
from the positive element K to the negative element L, until the 
pressures on both are equal, when the current will stop flowing and 



Fig. 381. — ^Diagrams Illustrating How Current Pressure Causes Electricity to 
Flow by Comparing It to Flow of Water from One Tank to Another. 

the cell will he disci ringed. If a valve C is placed in the pipe, con- 
necting tlie two tanks, tlic flow of the water may be stojiped. If a 
switch G is idaced on ilie wire connecting the two elements the flow 
of electricity may he stopped. If a water wheel D is placed in the 
pipe the flowing water may be made to do work. If a small motor 
H is placed on the wire J tlie flowing clcetricity may be made to do 
work. In automobile use this work is done in charging the induc- 
tion coil. 

The weight of the water in tank A gives a certain pressure. The 
similar pressure in the electric battery is measured in volts. Th^ 

773 
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pressure of the water causes a quantity to flow through the pipe. 
The similar quantity of electricity tliat is forced over a wire from a 
battery is measured in amperes. 

V Action of High Tension Coil Ignition System. — Another explana- 
tion of the action of the conventional induction coil and battery 
system may enable the reader to obtain a clearer understanding of 



Fig. 382. — ^Typical Simple Battery Ignition Group for One Cylinder Motor 
Using Four Terxninal Induction CoiL 


the action of the transformer coil system of intensifying current and 
can be read to advantage to supplement the explanation previously 
given. Another diagram. Fig. 382, shows a four terminal coil unit 
instead of the three terminal coil diagram outlined at Fig. 179, and 
differs in that the primary and secondary circuits have separate 
ground connections instead of having a common terminal on the coil. 
As the internal construction of the induction coil has been previously 
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described, it will be inerolv necessarj^ to r ‘view the action of the com- 
plete ignition system outlined. 

In the difagram shown tlio ac tion '•" as follov/s: When the switch 
E is closed and tiio rolta’ (f) of ^he 'jpark timing device D eomes in 
contact with the tonijinnl (g), the current flows from positive 
terminal (ni) of the battery to the switcii E. From thence to the 
jjrimary terminal (h) on the coil; and throiigli the vibrator spring 
(e) across the points (o) whicJi are in contact. t]jc adjusting scr^w 
(i) and into the bridge wiiich supports the adjusting screw. The 
])rimary winding (h) is attached to this bridge at (j) and the cur- 
rent flows tlirougli it to the terminal (k), from wliich tcriiiinal it is 
carried to the point (g) on the commutator and into the rotor (f). 
A metal brush takes up the current at this point and it is carried to 
the negative terminal (ri) of the liatterv, passing through the battery 
it reaches the point (m) from which it started. The current will 
not flow unless the cin-iiit is conijdelc, and it cannot lie complete 
unless the rotor (f) touclies the terminal (g). This rotor is so set 
on the engine and so timed in relation to the movement of the piston 
that it will complete the circuit only at the time the spark is desired 
in the cylinder. When the current flows through tlie primary wind- 
ing it makes a magnt^t of the core and enables it to attract the arma- 
ture, as a magnet will attract pieces of iron or steel, and the armature 
is made of magnetic material. 

The vibrator is composed of a piece of spring stool with a small 
iron button riveted to the end of it. When the circuit is complete 
and the core is magnetized it attracts the iron liiitton and breaks 
the contact of the points at (o), thus interrupting or opening the 
circuit and preventing further flow of the current. The core tiien 
loses its magnetism and the vibrator spring pulls the button back 
and again brings the points in contact to again complete the circuit. 
This occurs about one Imndml times per second and the rapid vibra- 
tion produces a pronounced buzzing sound at the vi])rator. 

When the points (o) are in contact and the core is magnetized 
a very strong magnetic field flows across the wire of tlic secondary 
winding (c). When the field becomes strong enongfi to attract the 
vibrator button the circuit is broken and the current stops flowing. 
As soon as the current ceases to flow and the magnetic field or force 
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becoDies reduced in intensity, a strong or high voltage current is 
produced in the secondary winding. This current flows to the spark 
plug F from the secondary terminal of the coil (s) and it has suffi- 

^ dent power to jump the air gap at (]>), causing a s])ark. The spark 

plug construction is such that after jumping the air gap the secondary 
current will flow hack to the engine and from the ground terminal 
(1) to tlie terminal (t) and then hack through the secondary wind- 

ing to the terminal (s) from wliich it started. 

The magnetic field dying down has thus produced an induced 
current in tlie secondary winding, and in addition it will also st^t 
up a self-induced current in the primary winding. As the break in 
the primary (u'rciiit is made at the vibrator points, a large spark would 
occur there aiid very soon burn them away. To absorb the extra 
current wliicli causes this spark a condenser is connected across the 
points by the wires (v) and (w). When the circuit is opened at (o) 
the self-induced current of the ])rimary winding flows in the same 
direction as the original battery current. As the condenser has less 
resistan (‘0 than tlie air gap wliich this current would have to jump 
at (o) it absorbs the 'curnmt, and immediately that the condenser is 
charged, it discharg(‘s. The contact points (o) of the vibrator being 
separated at this time, the current from the condenser cannot pass 
through them to get to its other side, Imt must travel back through 
the primary winding in the opposite direction to that in which the 
battery current was flowing, and thus demagnetizes the core. 

As the more rapid tlie change is made from a strong magnetic 
field to a weak magnetic field, Ihe higher tlie voltage will he, this 
will considerably raise the voltage of tlie secondary winding and give 
a much better syiark at tlic spark plug. The condenser, therefore, 
performs two functions, tliat of absorbing the undesirable spark which 
without it would occur at ilie vibrator points, and of giving a much 
better spark in the spark plug. 

Fundamentals of Magnetism Outlined. — To properly understand 
the phenomena and forces involved in the generation of electrical 
energy by mechanical moans it is necessary to become familiar with 
some of the elonientary principles of magnetism and its relation to 
electricity. The following matter can ho read with profit by those 
who are not familiar with the subject. Most persons know that mag- 
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netism exists in certain substances, bnt ^nanj ure not able to grasp 
the terms nsc^d in describing the operation of various electrical de- 
vices because of not possessing a knowledge of the basic facts upon 
wliich tlie action of such apparatcs Is oascd. 

Magnetism is a ])ro]>erLy possessed by certain substances and is 
manifested by tlie ability to attract and repel, oth^r mai erials sus- 
ceptible to its effects. “Wlien this plionomena is manifested by a 
conductor or wire throiigii wliicli a current of eiectricity is flowing 
it is termed elcctro-magaelisin.'’ Magnetism and electricity are 
closely related, each being capable of producing tlie other. Prac- 
tically all of the })jicTi()niena manifested by materials which possess 
]iiagnetic (]ualities naturally can be easily reproduced by passing a 
(‘iirrent of electricity tbroiigli a body wliicli, when not luider electrical 
influence, is not a magnetic substance. Only certain substances show 
jnagnetie ])ro 2 )erties, tbe<e being iron, nickel, cobalt and their alloys. 

The eai'liest known suhstance ])Ossessing magnetic properties was 
a stone first found in .\sia Minor. It was called tlie lodestone or 
leading stone, because of its tendency, if arranged so it could be 
moved freely, of pointing one partiiiilar portion toward the north. 
The compass of tlie ancient Ohine<e mariners was a ])iece of this 
material, now known to be iron ore, suspended by a liglit thread or 
floated on a cork in some licjuid so one end would point toward the 
north magnetic ])ole of the earth. Tlie reason that this stone was 
magnetic was hard to define for a time, until it was learned that the 
eartli ^vas one huge magnet and tliat the iron ore, ])eing ])articularly 
susceptible, absor])cd and retained some of this magnetism. 

Most of us are familiar with some of the properties of the mag- 
net because of tlie extensive sale and use of small horseshoe magnets 
as toys. As tliey only cost a few pennies everyone has owned one at 
some time or other and has ox])erimented with various materials to 
see if they would lie attracted. Small ])ieecs of iron or steel were 
quickly attracted to the magnet and adhered to the pole pieces when 
brought witliin the zone of magnetic influence. Tt was soon learned 
that brass, copper, tin or zinc were not affected by the magnet. A 
simple experiment that serves to illusira'te magnetic attraction of 
several substances is shown at A, Fig. 38*1. In this, several balls 
are hung from a standard or support, one of these being of iron or 
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steel, the other two of any other of tlie common materials or metals. 
If a magnet is brought close to the group of balls, only one will be 
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Fig. 383, — Some Simple Experiments to Demonstrate Various Magnetic Phe- 
nomena and Clearly Outline Effects of Magnetism and Various Forms of 
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attractc'd toward it, wliik} tlio others wi:l reniain iiuliflerent to the 
magnetic force. Exp(‘i'iniciitcrs soon learned tliat of the comniori 
metals only iron or steel were jnagnoiie. 

If the ordinary i>ar or liorse-lioe inagnof ho carehilly e^aniined, 
one end will he foiuid lo !k; marked This i:.d‘:eat('j:- the north 
pole, while the other end is md n^uall\ mar! ed and the south p.)le. 
Ir the north pole of one inagiud is brought near tli(* south pole of 
another, a strong attraction will exist hcg'r{.^en ihem^ this eepcMiding 
upon the size of the magnets used and the air gap '-cjairating the 
poles. If the south ])ole of one magmd is lu’oiiglit close to the end 
of the same })olarity of the other ih(‘rc will he a ])i'onouneed rc^puhdon 
of like force. I'lic'se facds are easil v proven! hy llu‘ simple experijiient 
outlined at H, Fig. oHl), A magnet will only attract or influence 
a substanc*e liaving similar <jiialiti(‘s. The like poles of magnets will 
repel each other hecause of the obvious impossil)ility of uniting two 
infliienec^s or forces of ])raetieally (Vjual strength hut flowing in oppo- 
site directions. The unlike ]>oles of magiuds attract each other because 
the force is flowing in the same direction, fl'hc flow of magnetism 
is througli the magnet from south to north and llie circuit is com- 
pleted by tlie flow of magnetie inllueiu'e througli the aii\gap or metal 
armature l)ridging it from th(‘ north to the south ])ole. 

Forms of Magnets and Zone of Magnetic Influence Defined. — 
Magnets are commonly made in two forms, either in the shape of a 
bar or horseslioe. These two forms are made in two types, simple 
or C'om[)ound. The latter are com[)os(Hl of a mind)er of magnets of 
the same form united so the ejids of like polarity are laced together, 
and sucdi a conslruelion Avill l>e moi(‘ cdlieicait and have more vstren/'h 
than a sim])lc magnet of the same weight. The two common forms 
of simjfle and conpiouiul niagni‘t< are shown at (', Fig. 383. The 
zone in wliich a mngiietie inthumee oecairs is called the magnetic 
field, and this forc’c can he grai)hically shown hy means of imaginary 
lines, which are termed ‘Mines of forc^e.'’ As will he seen from the 
diagram at D, Fig. 3)83, tlio lines show llie direedion and action 
of the magnetie force ami also show its strength, as t])cy are closer 
together and more numerous when the intensity of the magnetic 
field is at its maximum. A simple method of demonstrating the 
presence of tlie force is to lay a thin piece of paper over the pole 
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pieces of either a bar or horseshoe magnet and sprinkle fine iron 
filings on it. The particles of metal arrange themselves in very 
much the manner shown in the illustrations and prove that the mag- 
netic field actually exists. 

The form of niagnet used will materially affect the size and area 
of the magnetic field. It will he noted that the field will be con- 
centrated to a greater extent with the horseshoe form because of the 
proximit}^ of the poles. It should be understood tliat these lines have 
no actual existence, but are imaginary and assumed to exist only to 
show the way the magnetic field is distrihiited. The magnetic influ- 
ence is always greater at the poles than at the cetiter, and that is why 
a horseshoe or TJ-form magnet is used in praeticully all magnetos 
or dynamos. This greater attraction at the poles can Ix' clearly dem- 
onstrated by sprinkling iron filings on bar and II magnets, as outlined 
at Fig. 383. A large mass gathers at the pole pieces, gradually 
tapering down toward the point where the attraction is least. 

From the diagrams it will be seen that the flow of magnetism is 
from one pole to the other by means of curved pailis between them. 
This circuit is completed ]>y the magnetism flowing from one pole to 
the otlier through the magnet, and as this flow is continued as long 
as the body remains magnetic it constitutes a magnetic circuit. If 
this flow were temporarily interrupted by means of a conductor of 
electricity moving through tlie field there would be a current of elec- 
tricity induced in the conductor every time it cut the lines of force. 
There are three kinds of magnetic circuits, A non^magnetic circuit 
is one in wliicli the magnetic influence completes its circuit tlirough 
some sul)stance not susceptible to the force. A closed magnetic cir- 
cuit is one in wliicli the influence completes its circuit through some 
magnetic material which bridges the gap between the poles. A com- 
pound circuit is that in which the magnetic influence passes through 
magnetic substances and non-magnetic substances in order to com- 
plete its circuit. 

How Iron and Steel Bars are Made Magnetic. — Magnetjsm may be 
produced in two ways, by contact or induction. If a piece of steel is 
rubbed on a magnet it will be found a magnet when removed, 
having a north and south pole and all of the properties found in the 
energizing magnet. This is magnetizing by contact. A piece of steel 
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will retain the magnetism imi)arted to it for a considerable length 
of time, and llie influence that remains i& known as residual mag- 
netism. This property may be increased by alloying the steel with 
tungsten and Iiardening i. before it is magnetized. Any material 
that will retain its magnetic influence after removal from the source 
of magnetism is known as a ponnanent magnet. If a piece of iron 
or steel is bronglit into the magnetic field of a powerful magnet 
it heeoines a magnet without actual contact with the energizer. This 
is magnetizing by magnetic induction. Jf a j)Owerful electric cur- 
rent flows through an insulated conductor wound around a piece of 
iron or steel it will make a magnet of it. This is magnetizing by 
e]ectro-magne1i(' iiidiiction. A magnet made in tliis manner is termed 
an ele(‘tro-magnet and iisnally the metal is of sueli a nature that it 
will not retain its magnetism when tlie current ceases to flow around 
it. Steel is used in ali eases wliere permanent magnels are required, 
while soft iron is employed in all cases 'where an jntermiitent magnetic 
action is desired. Magneto field magnets are always made of steel 
alloy, so treated that it will retain its magnetism for lengthy periods. 

Electricity and Magnetism Closely Related. — There are many 
points in whicli magnetism and electricity are alike. For instance, 
air is a medium that offiTS considerable resistance to tlii' 2 iassage of 
botli magnetic influence and electric energy, althougli it offers more 
resistance to the ])assagc of the latter. Min(u'a1s like iron or steel 
are very easily intliienced by magnetism and easily penetrated by it. 
Mhen one of these is present in the magnetic circuit the magnetism 
will flow throng!) tlie metal. Any metal is a good conductor for the 
passage of tlie electric current, but few metals are good conductors 
of magnetic energy. A body of tlie proper metal will become a 
magnet due to iudnetion if placed in the magnetic field, having a 
soutli pole wliere tlie lines of force enter it and a north pole where 
they pass out. 

We have seen that a magnet is constantly surrounded by a mag- 
netic field and that an electrical conductor when carrying a current 
is also surrounded by a field of magnetic influence. Now if the con- 
ductor carrying a current of electricity will induce magnetism in a 
bar of iron or steel, by a reversal of this process, a magnetized iron or 
steel bar will produce a current of electricity in a conductor. It is 
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upon this pi’inciple that tlie modern uynanio or magneto is con- 
structed. If an electro-motive force is iiKliiced in a conductor by 
moving it across a field of magnetic influence, or by passing a mag- 
netic field near a conductor, electricity is said io be generated by 
jpaagneto-electric induction. All mechanical generators of ilie oh'ctric 
current using ])erinanent steel magnets to prodiu'C a field of magnefic 
influence are of this typo. 

Basic Principles of Magneto Action Outlined. — accom])auying 
diagram. Fig. 38 f, will show these prin('i])les very clearly. As 



Fig. 384. — ^Elementary Form of Magneto Showing Principal Parts Simplified 
to Make Method of Current Generation Clear. 
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stated earlier in the article, if the lines cf force in the magnetic field 
are cut by a suitable eoiiduotor an electrical iuinulse will be produced 
in that conductor. lt\ this r.irnple macliine the lines of force exist 
between the poles of a luuseshoe magnet. The conductor, which in 
this case is a of copper wire, is moiniiod upon a spindle in oT’der 
tliat it may be rotated in the magnetic field to cut the lines of mag- 
netic influence present beiwecn the ]iole pieces. Both of the ends of 
this loop are connected, ouv with the insulated drum shown upon the 
shaft, the other to the shaft, d'wo metal brushes are employed to 
collect tlie ciiiTcnt and cause it to flow" tlirougli tlie external circuit. 
It can he seen that wdioii tlie shaft is turned in the directum of the 
arrow the loop w’ill cut ilirough the lines of magnetic influence and 
a current wull he generated therein. 

The pressure of tlie current and tlie amount produced vary in 
accordance to the rapidity wutli wdiicli the lines of magnet Ic influence 
are cut. The armature of a practical magneto, therefore, differs mate- 
rially wuth that shown in tlie diagram. A large number of loops of 
wire wmuld be mounted upon tliis shaft in order that the lines of 
magnetic influence wujuld he cut a greater number of times in a given 
period and a core of iron used as a backing for the wire. This w’ould 
give a more rajiid alternating current and a liigher electro-motive 
force tlian w'ould 1x3 tlie case wilh a smaller number of loops of wire. 

The illustrations at Fig. 3S5 sliow a conventional double wind- 
ing armature and field magnets of a practical magneto in part sec- 
tion and will serve to more fully eiiipliasize the points previously 
made. If the armalure or spindle were removed from betw^een the 
pole pieces there wmuhl exist a field of magnetic influence as shown 
at Fig. 383, but the introduction of this component provides a 
conductor (the iron core) for the magnetic energy, regardless of its 
position, thougli the facility with Avhich the influence will be trans- 
mitted depends entirely upon the position of the core. As shown at 
A, the magnetic flow is through the main body in a straight line, 
while at B, wiiich position the armature has attained after one-eighth 
revolution, or 45 degrees travel in the direction of the arrowy, the 
magnetism must pass through in the manner indicated. At C, which 
position is attained every lialf revolution, the magnetic energy aban- 
dons the longer path tlirougli the body of the core for the shorter 
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Fig. 385. — Showing How Strength of Magnetic Influence and of the Currents 
Induced in the Windings of Armature Vary with the Rapidity of Changes 
of Flow. 
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passage offered by the side pieces, and the field thrown out by the 
cross bar disappears. On further rotation of the armature, as at 1), 
the body of the core again ]>ecorties .‘uergized as the magnetic influ- 
ence resumes its flow ttr*mgli it. T!u*sc changes in tlie strength of 
the magnetic field when distorted by the nmiataiv eoio, as well as 
the intensity of the energy existing in the tiekl, affect the windings 
and the electrical eiu'rgy imlneed therein corresponds in strength to 
the rapidity with which these cliang(‘s in magnetic flow occur. The 
most pronounced changes in tlie strong lli of the field will occur as 
tlie armature passes from ])osition B to I), because (lie magnetic 
field existing around the com will bo destroyed and again reestab- 
lislied. 

During the most of the armature rotation tlio changes in strength 
will be sliglit and tlie currents indu(*(Ml in tlie wire correspondingly 
small ; but at the instant the core beconic's remagnetized, as the arma- 
ture leaves position i\ the current produced will be at its maximum, 
and it is necessary to so time tJie rotation of the armature that at this 
instant one of the cylinders is in condition to lie fired. It is impera- 
tive that tlie armature be driven in such relation to the crankshaft 
that each iirodiiclion ('f maximum current coincides with the ignition 
point, this ('ondition existing twice during each revolution of the 
armature, or at every 180 degrees travel. Eacli position shown cor- 
responds to 45 degrees travel of the armature, or one-eighth of a 
turn, and it takes just one-half revolution to change the position 
from A to tliai shown at 1). 

Essential Parts of a Magneto and their Functions. — The magnets 
which produce the influence that in turn induces the electrical e’ orgy 
in tlie winding or loo])s of wire on the armature, and which may have 
any even number of ojiposed polos, are called field magnets. The 
loops of wire which are mounteil upon a suitable drum and rotate 
in the field of magnetic' influence in order to cut the lines of force 
is called an armature winding, while the core is the metal portion. 
The entire assembly is called the armature. The exposed ends of 
the magnets are called pole pieces and the arrangement used to col- 
lect the current is either a commutator or a collector. The stationary 
pieces which bear against the collector or commutator and act as 
terminals for the outside circuit are called brushes. These brushes 
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are often of copper, or some of its alloys, because copper has a greater 
electrical conductivity tlian any other metal. 

These brushes are sometimes made of carbon, which is electroplated 
^with copper to increase its electrical conductivity, thougli cylinders 
of copper wire gauze impregnated with grajihite arc often util- 
ized. Carbon is used because it is not so liable to cut the metal of 
the commutator as might be the case if the contact was of the metal 
to metal type. 'j1ie reason for this is tliat carbon has llie ])eculiar 
property in tliat it mateiially assists in the lubrication of the com- 
mutator, and being of soft, unctuous com])osition, will wear and 
conform to any irregularities on Ihe surface of tlie metal collector 
rings. 

The magneto in common use consists of a numlier of liorseslioe 
magnets which arc compound in form and attaclunl to suitable cast- 
iron pole pieces used to collect and concentrate the magnetic influ- 
ence of the various magnets. Between these pole ])icces an armature 
rotates. Tliis is usually shaped like a shuttle, around which is wound 
coils of insulated wire. These arc composed of a largo number of 
turns and the cuiTent*y)r()(hiced depends in great measure upon the 
size of the wire and the number of turns per coil. An armature 
winding of large Avire will deliver a current of great amperage, but 
of small voltage. An armature Avound with very fine wire will deli\"er 
a current of high voltage but of Ioav amperage. In the ordinary form 
of magneto, such as used for ignition, the current is alternating in 
character and the break in the circuit should be timedMo o(*cur when 
the armature is at the point of its greatest potential or ])i’cssnre. 
Where such a generator is designed for direct current production tlie 
ends of tlie Avinding are attacdied to the segnu'nts of a com imitator, 
but where the instrument is designed to doIiAw an alternating cur- 
rent one end of the Aviiuling is fastened to an insulator ring on one 
end of the armature shaft and the other end is grounded on the frame 
of the machine. 

The quantity of current depends upon the strength of {ho mag- 
netic field and the number of lines of magnetic influence acting 
through the armature. The electromotive force varies as to tlie length 
of the armature winding and the number of revolutions at which the 
armature is rotated. 
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The Transformer System Uses Low Volfe^ Magneto. — The mag- 

neto in the various sysioms v^hich eniploy a traiJsfov;ner coil is very 
similar to a Jow-teiisioji ^‘eneraior ii* ^{*neral construction, and the 
current delivered at tlio '^-nninals seldom < vr-eeds 100 volts. As it 
ro(|uires many times tliat potential or pn^surc to leap tlie gap which 
c.xisis betwetm tlie })oinis ol t])e conventio lal spark plug, a sep-^jrate 



Fig. 386. — ^Diagrams Explaining Action of Low Tension Transformer Coil and 
True High Tension Magneto Ignition Systems. 


coil is placed in circuit to intensify the current to one of greater 
capacity. The essential parts of such a system and their relation to 
each other are shown in diagrammatic form at Fig. 386. As is 
true of other systems the magnetic influence is produced by perma- 
nent steel magnets clamped to the cast-iron pole pieces between which 
the. armature rotates. At the point of greatest potential in the arma- 
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ture winding the current is broken by tlie contact breaker, which is 
actuated by a cam, and a current of higher value is induced in the 
secondary winding of the transformer coil when the low voltage cur- 
rent is passed through the primary winding. 

it will be noted that the points of the contact breaker are together 
except for the brief instant when separated by tlie acdioii of the point 
of the cam upon the lever. It is obvious that the armature winding 
is short-circuited upon itself except when the contact points are sepa- 
rated. , While the armature winding is thus short-circuited there 
will be practically no generation of current. When the points are 
separated there is a sudden flow of current tlirougli the primary wind- 
ing of the transformer coil, inducing a secondary current in the other 
winding, which can be varied in strength by certain considerations in 
the preliminary design of the apparatus. This current of higher 
potential or voltage is conducted directly to the plug if the device 
is fitted to a single-cylinder engine, or to the distributor arm if fitted 
to a multiple-cylinder motor. The distributor consists of an insulator 
in which is placed a number of segments, one for each cylinder to be 
fired, and so spaced that the number of degrees between them cor- 
respond to the ignition points of tlie motor. A two-cylinder motor 
would have two segments, a three-cylinder, three segments, and so 
on within the capacity of the instrument. In the illustration a four- 
cylinder distributor is fitted, and the 'distributing arm is in contact 
with the segment corresponding to the cylinder about to be fired. 

True High-Tension Magnetos are Self-Contained. — l^ie true high- 
tension magneto differs from the preceding inasmuch as the current 
of high voltage is produced in the armature winding direct, without 
the use of the separate coil. Instead of but one coil, the armature 
carries two, one of comparatively coarse wire, the other of many 
turns of finer wire. The arrangement of these windings can be readily 
ascertained by reference to the diagram B, Fig. 38(5, which shows the 
principle of operation very clearly. One end of the primary winding 
(coarse wire) is coupled or grounded to the armature core, and the 
other passes to the insulated part of the interrupier. While in some 
forms the interrupter or contact breaker mechanism does not revolve, 
the desired motion being imparted to the contact lever to separate 
the points by a revolving cam, in this the cam or tripping mechanism 
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is stationary and the oonhict breaker revolves. Tliis arrangement 
makes it possible to conduct the cunent from the renvoi ving primary 
coil to tlie interrupter by a direei connection, eliminating the use of 
bruslies, which would otherwise oe iiecessjry. In other forxns of this 
appliance where the winding is stationary, the ir* lerrupter may be 
operated by a revolving cam, though, if desired, the use of a biTsh at 
this point will permit tliis construction with a revolving winding. 

During tlie revolution of the armature tht. gi'ounded ‘ever makes 
and breaks contact with the insulated print, short-circuiting the pri- 
mary winding upon itself until the armature roaches the proper posi- 
tion of maximum intensity of current production, at wdiich tin;e the 
circuit is l>roken, as in the former instance. One end of the sec- 
ondary winding (fine wire) is grounded on the live end of the primary, 
tlie other end being attaclied to the revolving arm of the distributor 
mechanism. So long as a closed circuit is maintained feeble currents 
will pass througli the primary winding, and so long as the contact 
points are together this condition will exist. When the current reaches 
its maximum value, because of the armature being in the best posi- 
tion, the cam operates the interru})ter and the points are separated, 
breaking the sliort eircriiit which has existed in the primary winding. 

The secondary circuit has been open while the distributor arm 
has moved from one contact to another and there has been no flow of 
energy through this winding. While the electrical pressure will rise 
in this, even if the distributor arm contacted with one of the seg- 
ments, there would lie no spark at the plug until the contact points 
separated, because the current in the secondary winding wwld not 
be of sufficient strength. When tlie interrupter operates, however, 
the maximum primary current will be diverted from its sliort circuit 
and can flow to the ground only through the secondary winding and 
spark-plug circuit. Tlie high ])ressure now existing in the secondary 
winding will lie greatly increased by the sudden flow of primary cur- 
rent and energy of liigli enough potentiil to successfully bridge the 
gap at the ]-)lug is thereby produced in the winding. 
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Chalmers Starting System, 653. 
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Change Speed Gearing, Coiiibined 
with (_k>nn ter shaft, 502. 

Change Speed Gearing, Coinhired 
with Power Plant. 500 

Cliange Speed Gearing, C oinbined with 
Hear A^le, 50:h 

Change Speed (» earing. Fa* e Friction, 
477, 

Change Speed Gearing, Functions of, 
475. 

Change Speed Gearing, Individual 
Clutch, 48(1. 

Change Spetni Gearing, Location of, 
400. 

Change S])ced Gearing, Planetary, 4>']. 

Change Spec'd Gearing, Progressive 
Sliding Gear, oO:]. 

Change Speed Gearing, Selective Type, 
402, 

Change Speed Gearing, Silent Chain 
Types, 487. 

Change Speed Gearing, Sliding Gear 
Types, 400. 

Change Speed Gearing, Types of, 470. 

Change Speed Gearing, Utility of, 475. 

(‘hajun C’arhnretor Const ruction, 1104. 

Charging the Gasoline Kngine Cylin- 
der, 105. 

Chassis, Aasembhv of, 51. 

Chassis, Definition of, 48. 

Chassis Frame Construction, 51. 

CTiassis Frame, Use of. 520. 

Chassis Parts, Care of, 705. 

Cliemical Action, Producing Electric- 
ity by, 355. 

Chemistry of Combustion, 273. 

Circuits of Electric Lighting Systems, 
681. 

Circuits, Magnetic, 780. 

Circulating Pumps, Centrifugal, for 
Water, 438, 

Circulating Pumps, Gear, for Water, 
438. 

Classes of Frame Construction, 523, 
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Cle.. si fi cation of Motor Car Types, 60, 

C’eaning Mo’uiir Tops, 768. 

t losing Exhaust Valve, 202. 

Closing Inlet Valve, 204. ^ 

Clutch aivjl brake Interlock, 724. 

Clutch, EuriCtiOii *o4, 45;). n, 

Clulch Materials, Frictional Adhesion 
of, 457. 

Clutches, C> m’lfon Defects of, 758. 

Clutches, Construction of Five-Plate, 
470. 

Chitehos, Construction of Multiple- 
Dixc, 471. 

Clutche.:}, Construction of Three-Plate, 
467. 

Clutches, Design of Cones, 4G2. 

Clutches. Factors Determining Effi- 
ciency of. 466. 

Clutches, inverted Cone Type, 461. 

Clutches, to Metal Cone Type, 

463. 

Clutches, Methods of Retaining Fac- 
ing, 462. 

Clutches, Oak Tanned Leather Facing, 
458. 

( lutchcs, Parts of Cone Forms, 459. 

Clutches of Planetary Gearsets, 474, 

Cliitclies, Requirements of, 456. 

Clutches, “ Spinning ” Cones, 466. 

Clutches, Use of Auxiliary Friction 
Pads, 40)4. 

Clutches, T"se of Cone Brake, 416. 

Clutches, Value of Cork Inserts, 458. 

Coil for Low Tension Ignition, 390. 

Combination Gas and Electric Lamps, 
679. 

Combination Kerosene and Electric 
Lamps, 673. 

Combination “ Live ’’ and " Dead ” 
Rear Axle. 559. 

Combination Magneto and Battery Ig- 
nition System, 411. 

Combination of Alcohol and Acety- 
lene, 269. 
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Combination Piston and Sleeve Valves, 
185. 

Combination Spark Plug and Relief 
Cock, 382. 

Combination Gas-Electric Drive, 508. 
Combined Clutch and Brake Pedal, 
Use of, 730. 

Combined Fan and Generator, 700. 
Combustion Chamber Design, 150. 
Combustion, Chemistry of, 273, 
Common Defects in Clutches, 758. 
Common Troubles of Fuel System, 
751. 

Comparing Automobile and Locomo- 
tive, 47. 

Comparing Cannon and Gas Engine, 
103. 

Compensating Carburetor Action, 283. 
Compensating for Varying Atmos- 
pheric Conditions, 331. 

Compound Spring Forms, 533. 
Compounds, Anti -Freezing, 735. 
Compressed Acetylene Gas Tank, 671. 
Compressed Air Starting System, 651, 
Compressing the Gas Charge, 105. 
Compression Stroke, Definition of, 
106. 

Concentric Float Design, Advantages 
of, 280. 

Concentric Piston King Design, 219. 
Concentric Valve Construction, 167. 
Condenser Functions, 776. 

Conical Kotary Valves, 102. 

Cone Clutch Forms, 459. 

Cone Clutch, Metal to Metal Type, 

463. 

Cone Clutch with Adjustable Springs, 

464. 

Cone Clutches, Care of Leather Facing, 
759. 

Cone Clutches, Causes of Harsh Ac- 
tion, 759. 

Cone Clutches, Causes of Slipping, 
759. 


Cone Clutches, Causes of Spinning, 
759. 

Connecting Rod, Ball Bearing, 222. 
Connecting Rod Bearings, 221. 
Connecting Rod Forms, 221. 
Connecting Rod, Functions of, 103. 
Connecting Rod, Hinged, 222. 
Connecting Rod, Marine Type, 222. 
Connecting Rods, One Piece, 222. 
Connecting Rods, Shapes of Sections, 
224. 

Connections of Parts of Induction 
Coils, 376. 

Constant Level Splash Oiling System, 
425. 

Constant Speed Dynamo, 365. 
Constructional Details of Pistons, 
214. 

Construction of Breeze Carburetor, 
311. 

Construction of Chapin Carburetor, 

304. 

Construction of Chassis Frame, 51. 
Construction of Engine Base. 242. 
Construction of Excelsior Carburetor, 

305. 

Construction of Ford Magneto, 307. 
Construction of Flywheels, 235. 
Construction of G and A Carburetor, 

309. 

Construction of Gasoline Strainers, 

310. 

Construction of Induction Coil. 375. 
Construction of Induction Piping, .327. 
Construction of Kingston Carburetor, 
290. 

Construction of Knight Motor, 123. 
Construction of Magneto, 780. 
Construction of Magneto Generators, 
393. 

Construction of Mercedes Carburetor, 
303. 

Construction of Multiple - Disc 
Clutches. 471. 
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Construction of Peerless Carbjretor, 
300. 

Construction of Pierce Carburetor, 
300. 

Construction of Piston 213. 

Construction of Schebler Model “ E ” 
Vaporizer, 208. 

Construction of Storaj'c Battery, 300. 
Construction of Five-Plate (3utcbos, 
470. 

Construction of Valve H(‘ad, 171. 
Construction of Valves, 170. 
Construction of Windshields, 684. 
Construction, Trend of, 40. 

('ontrol System of Buick Car, 725. 
Control System of Cart(‘r (.'nr, 715. 
Control System of Ford Car, 710, 
Control System of Jackson Car, 731. 
Control System c»f Knox Car, 731. 
Control System of Liberty -Brush Car, 
721. 

Control System of ^laxwell Car, 717. 
Control System of Mitchell Car, 731. 
Control System of Pierce- Arrow Car, 
724. 

Control System of Ueo Car, 720. 
Controllinjr Car with Friction Trans- 
mission, 715. 

Controllings Planetary Gears, 717. 
Conventional Frame Type. 520. 
Conventional Bear Axle Transmis- 
sion, 505. 

Cooling: Systems, Air, 436. 

Coolingr Systems, Defects of, 753. 
Cooling Systems in Use, 433. 

Cooling Systems, Eeason for Use, 
434. 

Cooling Systems, Thermo- Syphon, 439. 
Cork Float Features. 291. 

Cork Inserts, Value in Clutches, 458. 
Cot(i Two-Cycle Motor, 248. 
Countershaft and Change Speed Gear- 
ing, 502, 503, 

Couple Gear Drive System, 515. 


Cr-.nkease, Barrel Type, 243. 
Crankcase Parts, Accessibility of, 244> 
Crankcase, T’vo-Piece, 243. 
Crankshaft, Built Up, 228. 

Crankshaft Construction, 227. 
Crankshaft Design, Induenee of Cyl- 
indc* s on, 148. 

Crankshaft, Functions of, 104. 
Crankshaft Two Bearing Four -Cylin- 
der, 231. 

Crankshaft, Two-Throw, 230. 
Crankshaft, Types Outlined, 227. 
Crankshafts, Ball Bearing, 233. 
Crankshafts, Five Bearing, 231. 
Crankshafts, (Mfset, 155. 

Crankshafts. Three Bearing, 231. 
Current Consumption of Carbon Fila- 
ment, 676. 

Current (’onsumption, Tungsten Fila- 
ment. 076. 

Current Flow, High Tension Coil, 
775. 

(hirrenl Production by Chemical Ac- 
tion, 355. 

Current Strength from Storage Bat- 
tery, 362. 

Cushion Tire, Combination, 615. 
Cushion Tire, Dual Tread, 614. 
Cushion Tire, Sectional, 015. 

C^ushion Tires, 613. 

Cut-out Valve, Utility of, 338. 

(\vele of Gasoline Engine, 106. 
Cyclecars, Forms of, 80. 

Cyeleear Engines, 260. 

Cylinder Casting Methods Influence 
Crankshaft Design, 148. 

Cylinder Ct)oHng by Water, 43.5. 
Cylinder Cooling, Theory of, 435. 
Cylinder Construction Methods, 143, 
Cylinder, Knox Individual, 165. 
Cylinder, L Head Type, 164. 

Cylinder. Lubricants for. 418. 
Cylinder, 8?eparable Head Tyjios, 147. 
Cylinder, T Head Type, 161. 
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Cylinder, Valve in the Head Type, 
161. 

Cylinders Cast En-bloe, 145. 

Cylinders Cast Individually, Features 
of, 145. 

Cylinders Cast in Pairs, Features of, 
145. 

D 

Darrac^, Rotary Distributor Valve, 
107. 

“ Dead ” Rear Axle, 550. • 

De Dion Eight-Cy Under Engine, 250. 
Defects in Sliding Gear TransinisHion, 
702. 

Defects in Spark Pliig<5, 750. 

Defects in Timers or Distributors, 750. 
Defects in Vibrator Cojls, 751. 

Defects in Wiring, 751. 

Defects of Cooling Systems, 745. 
Defects of Oiling Systems, 75 
Defects of rianetai*y Transmission, 
761. 

Defining LHead Cylinder Design, 100. 
Definition of Amperage, 358. 

Definition of Center of Gravity, 521. 
Definition of Chassis, 48. 

Definition of Compression Stroke, 100. 
Definition of Exhaust Stroke, 100. 
Definition of Frietion, 415. 

Definition of Intake Stroke, 100. 
Definition of Piston Speed, 153. 
Definition of Power Stroke, 100. 
Definition of Voltage, 358. 

Definition of Wattage, 358. 

Deflector, Location of, 215. 
Demountable Rim Forms, 010. 
Denatured Alcohol as Fuel, 200. 
Denatured Alcohol, I'^se as Anti-freez- 
ing Compound, 737. 

Derangements of Friction Gearing, 
761. 

Derivation of Lubricants, 417. 


Describing Conventional Exhaust 
^'alve Operation, 125. 

Describing Conventional Inlet A^alve 
Operation, 125. 

Description of Amplex Motor, 24(5. 
Description of Knight Sleeve A^alve 
Operation. 127. 

Design of Air Cooled Phigines, 444. 
Design of Clutch Cones, 402. 

Design of Combustion C3i amber, 150. 
Design of Concentric Piston Ring, 
21fl. 

Design of Ecceiitrie Piston Ring, 219, 
Design of Float Rowl, 291. 

Design of Frames, 520. 

Design of French Rotary Valv(‘s, 191. 
Design of Leaf S])rings, 527. 

Design of L Head Cylinder, 109. 
Design of Oscillating Wristpin, 218. 
Design of 8’park Plugs, 378. 

Design of Valve-*, 109. 

Detachable Wheels, 038. 

Determining Power Needed to Propel 
Car, 08. 

Development of Float Feed Vaporizers, 
285. 

Devices for Su])plying Lubricant, 420. 
Diagrams, Valve Timing, 200. 
Diameter Limits of Flywbetds, 238. 
Diesel System, 352* 

DinTereiitial Gearing, Action of, 500. 
Difl’erential Gear, Purpose of, 559. 
Diirerential Gear Locks, 581, 
Difl’erential Piston Design, 215. 
Differential Piston Two-Cycle Engine, 
135. 

Direct Air Cooling System, 443. 
Direction of Air Currents, 65. 
Disadvantages of Chemical Current 
Producers, 303. ^ 

Disadvantages of Gravity Oilers, 422. 
Disadvantages of Simple Battery, 359. 
Disadvantages of Single Cylinder Mo- 
tors, 108. 
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Disadvantages of Spring Wheels, 50G. 
Disadvantages of Two-Cycle Engines, 
130. 

Disc, Rotary Valves, 100. 

Disposition of Exhaust Cases, J33. 
Distillates of Petroleum, 203. 
Distributor, Secondary, Action of, 370. 
Division of Mechanism in (croups, 40. 
Double Cone Rotary Valves, 191. 
Double Reduction Gearing in Rear 
Axles, 505. 

Drag Link, Functions of, 530. 

Drive System, Front V'heel, 555. 
Drive System C()U])le Gear, 518. 

Drive System, Hoadley, 511. 

Driving C hains, Adjustment of, 703. 
Driving Chains, Faults of, 702. 
Driving Chains, Proper Method of 
Lubricating, 703. 

Drive Gearing, Skew Bevel, 577. 
Drive, Two Wheel, 85. 

Drive, Four Wheel, 85. 505, 548. 
Driving Instructions, General. 731. 
Driving Magneto Armatures, 407. 
Drop Frame Type, 524. 

Dry Battery Action, 35ti. 

Dry Battery for Current Su])ply, 350. 
Drum Type Rotary Valves, 190. 

Dual Cylinder Castings, 145, 

Dual Ignition Systems, 412. 

Dual Tread Cushion Tire. 014. 

Dust Disturbance and Body Design, 62. 
Dynamo, Constant S})eed Ty])e, 305, 
Dynamo Electric EMachines, 303. 
Dynamo Speed Governor, Action of, 
305. 

E 

Early Methods of Gas Ignition, 353. 
Early Vaporizer Forms, 280. 

Eccentric Bushings in Steering Gears, 
538. 

Eccentric Piston Ring Design, 219. 


Economy of Fuel, Effect of Spark 
T.ever, 713. 

E'^isoii ScrevN Base Lamp, 076. 

Edi-Swan Bulb Retention, 070, 

Efficiency of Power Transmission 
Systems, 452. 

Eflicicney of Shaft Driving Metiiod, 
540. 

Efficiency of Chain Drive, 544, 

Efficiency of )Single Chain Drive, 544. 

Efficiency of W'orm Gt‘aring, 504. 

Eight-Cylinder V ^lotor, 257. 

Electrical Alarms, 087. 

Electrical Igniticm Means, 354. 

Electrically Welded Valve, 171. 

Electric Car Featur(‘s, 37. 

Electric Cell, Dry Type, 356. 

Electric Cell, Parts of, 355. 

Electric Cell, Simple Primary, 355. 

Electric Current, Why it Flows, 773, 

Electric Headlight Design, 678. 

Electric Ignition Systems, Elements of, 
354. 

Electric Lamps, Combination Gas, 
679. 

Electric Lamps, Combination Type, 
673. 

Electric Lighting Battery. 672. 

Electric Lighting Fixtures, 677. 

Electric Lighting System, 672. 

Electric Lighting System, Fixtures for, 
077. 

Electric Lighting System, Headlight 
for, 678. 

Electric Lighting System, Six Lamp, 
681. 

Electric Lighting System, Three Lamp, 
681. ' 

Elec'tric Lighting Systems, Circuits for, 
681. 

Electric Spark for Ignition, 354. 

Electric Starting System, 654. 

Electrolytic Action of Alkaline Solu-" 
tions, 735. 
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Elem^^Tits of Carburetor Design, 288. 
Elements of Electric Ignition Systems, 
354. 

Elements of Typical Water Cooling 
Group, 430. 

Elliot Type Steering Knuckle, 543. 
En-Bloc Cylinder Castings, 145. 
Engine Base Construction, 242. 
Engines, Cyclecar, 259. 

Engine Cylinder, Functions of, 103. 
Engine, Darracq Boiary Valve, 197* 
Engine, De Dion V Typo, 259. 

Engine Design, Influence of Cylindet 
(Construction of, 157. 

Engine, Eight Cylinder Ty])e, 257. 
Engine, Hewitt Piston A’alvc, 197. 
Engine, Itala Boiary Valve, 187. 
Engine, Maxwell 25,’^ 203. 

Engine, ^lead Botary .Valve, 100. 
Engine, Beynolds Botary Valve, 100. 
Engine Starter Forins, 048. 

Engine, Three- Port, Two-Cycle, 048. 
Engine, T\v()*(Vcle i*rinciples, 129. 
Engine, Two-Port, Two-Cycle, 130. 
Engines for Automobiles, Forms of, 
100 . 

Engines, Instructions for Valve Tim- 
ing, 200. 

Engines, Micsse Valvtdess, 185. 
Equipment for ;Mf)tor (^ar, 047. 
Essential Elements of Gas Engine, 
104. 

Excelsior Carburetor Construction, 305. 
Excessive Spark Advance, Effect of, 
712. 

Exhaust Gases, Disi)osition of, 333. 
Exhaust Manifold with Ejector Ac- 
tion, 337. 

Exhaust Operated Alarms, 087. 
Exhaust Stroke, Definition of, 100. 
Exhaust Valve Closing, 202. 

Exhaust Valve Lead Given, 202. 
Exhaust Valve Operation, Description 
of, 125. 


Exhausting the Burnt Gas, 106. 

Exploding the Gas Charge, 105. 

F 

Face Friction Gearing, 477. 

Factors DeterminingEfliciency «>f C-'ono 
Clutehcs, 4(>0. 

Factors Determining Flywliecd Diain- 
<‘tcr, 238. 

Factors Determining Flywheel Weight, 
235. 

Fan l^lade Spoke Flywlieels, 230. 

Fans for (‘ireiilating Air, 440. 

Fans for Cooling Systems, 442. 

Faults of Chain Driving Systems, 702. 

Faulty Magneto Action, Causes of, 
741k 

Features of ('ork Floats, 291. 

Features of Cylinders Cast in Pairs. 
145. 

Features of Electric Cars, 37. 

Featur(‘s of Four-Cylinder Motor, 118. 

Features of Individually Cast Cylin- 
ders, 145. 

Ft'atures of Holley Carburetor, 301. 

Features of Hollow Metal Floats, 201. 

Features of Knight Motor. 121. 

Features of Knox ('lylinder Head, 105. 

Features of Low Tension Ignition Sys- 
t(*ni, 389. 

Features of Multiple-Disc Clutches, 
471. 

Features of Two-Cylinder Motor, 117. 

Features of T"nit Power Plants, 137. 

Features of Valve Location, 100. 

F. I. A. T. Double Jet Carburetor, 
314. 

Fiber Friction Bing, Life of, 701. 

Figuring Frontal Area of Auto, 63. 

Fire Inflation Gauges, 031. 

Five Bearing Foiir-(]:!ylinder Crank- 
shafts, 231. 

Five Plate Clutch Construction, 470. 
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Fischer Slide Valve Motor, 212. 
Fixtures for Electric Lij^hting, 67*. 
Fixed Winding Type Magneto, 402. 
Flat Seat Valve, 170. 

Flexibility of Automobile Power 
Plants, 710. 

Fh»at Howl Design, 201. 

Float Feed Carburetor Action, 287. 
F'loat Feed Vaporiz(?rs, Devclnpment 
of, 285. 

Floating Type Hear Axle, 557.' 
Floats, (’ork, 201. 

Floats, Hollow Metal. 201. 

Flow of ^lagnetic F.nergy, 780. 
Flywh(‘ol, Blower Type, 448. 

Flywheel Const ruetion, 255. 

Flywheel, Function of. 255. 

Flywheel, F'unction of, 104, 255. 
FlyAvheel Retention by Flange and 
Bolts, 250. 

Flywheel Retention by Gib Key, 230. 
Flywheel Retention by Taper and 
Key, 230. 

Flywheel Weight, Factors Determin- 
ing, 235. 

Flywheels, Factors Determining Diam- 
eter, 238. 

FlyAvheels, Interpretation of Marks, 
208. 

Flywheels, Method of Marking Rims, 
241. 

Flywheels, Retention of, 258. 
Flywheels with Fan Blade Spokes, 
236. 

Forced Circulation System, 435. 

Ford ^Magneto, Action of, 3(i7. 

Ford Model ** T,” Control System of, 
710. 

Forms of Auxiliary Air Valves, 204, 
Forms of Camshafts, 225. 

Forms of Cone Clutches, 450. 

Forms of Connecting Rods, 221. 

Forms of Electrical Ignition, 354. 
Forms of Engines Commonly Used, 100. 


Forms of Flywheels, 235. 

F< rms of Fnnit Axles, 541. 

F *ri»is of Gasoline Spray Nozzles, 293. 
Forms of Induction Manifolds, 327. 
F(>rms of Jt^cks, 700. 

Form of Idagnets, 770. 

Forms oi Mixing Chambers, 289. 

Forms of Mufflers, 535. 

Forms of OP Prnips, 425. 

Four-Cycle Engine Action, 102. 
Four-Cycle Power Plant, 253. 
Four-Cyliiidfr bmgint' lirnition Sys- 
tem, 387. 

Foiir-Cylind^'r Induction Manifolds, 
523. 

Four-( ‘ylindcr ^lotor, Sequence of 
Cycles, 112. 

Four-Cylinder Vertical Motor Fea- 
tures, 118. 

Four Speed Selective, Gcarset Design, 
407. 

Four-Wheel Drive, 84. 

Four-V heel Drive Cliassis, 507, 546. 
Frame Construction, Classes of 523. 
Frame Construction, Materials Used, 

522. 

Frame Construction, Pressed Steel, 

523. 

Franii» Cc^nstruction, Steel Tubing, 
522. 

Frame Construction, Wood, 522. 

Frame Design, 520. 

Frame Suspension Means. 525. 

Frame Types, Conventional, 520. 
Frame Types, Under slung, 521. 

Frame, IHility of, 520. 

Frames, Drop Type, 524. 

Frames, Methods of Spring Attach- 
ment, 531. 

Frames, Upswept Type, 524. 

Freezing Point of Alcohol Solutions, 
737. 

Freezing Points of Calcium Chloride 
• Solutions, 736. 
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French Rotary Valve Design, 191. 

Frictional Adhesion of Clutch Mate- 
rials, 457. 

Friction Clutch Operation, 457. 

Friction, Definition of, 415. 

Friction Gearing, Defects of, 761. 

Friction Pedal, Operation of, 717. 

Friction Transmission for Shaft Drive, 
479. 

Friction. Transmission, Operation of, 
477. ' 

Friction Transmission, Side Chain 
Drive, 479. 

Friction Transmission, Single Chain 
Drive, 479. 

Frontal Area of Automobiles, Figuring 
of, G3. 

Front Axle Forms, 541. 

Front Axle, I Beam, 541.* 

Front Axle, Tubular, 541. 

Front Axle, Care of, 764. 

Front End Suspension, 528. 

Front Hub Bearings, 543. 

Front Hub Construction, 542. 

Front Wheel Bearings, Adjustment of, 
704. 

Front W'heel Brakes, 574. 

Front Wlieel Brakes, Disadvantages 
of, 577. 

Front Wdieel Brakes, Operation of, 
577. 

Front W^heel Drive, 552. 

Fuel Consumption of Knight Motor, 
129. 

Fuel S'ystem, Common Troubles of, 
751. 

Fuels for Engines, Alcohol, 267. 

Fuels for Engines, Benzol, 266. 

Fuels for Engines, Camphor, 345. 

Fuels for Engines, Gasoline, 265. 

Fuels for Engines, Kerosene, 267. 

Fuels for Engines, Solid Gasoline, 271. 

Full IClliptic Springs, 527. 

Function of Clutch, 455. 


Function of Flywheel, 104, 235. 
Function of Spark Plug, 104. 

Function of W ristpin, 216. 

Functions of Change Speed Gearing, 
475. 

Functions of Connecting Rod, 103. 
Functions of Crankshaft, 103. 
Functions of Drag Line, 536. 
Functions of Engine Cylinder, 103. 
Functions of Motor Car Parts, 47, 49. 
Functions of Piston, 103. 

Functions of Piston Rings, 218. 
Functions of Shock Absorbers, 684. 
Functions of Spark Gap, 343. 
Functions of Spring Shackles, 528. 
Functions of Timer and Distributor, 
367. 

Functions of Tie Bar. 535. 

Functions of Two-Cycle Cylinder 
Ports, 132. 

Functions of Vibrator, 775. 
Fundamentals of Magnetism, 776. 

O 

G and A Carburetor Construction, 
309. 

Gas Charge in Cylinder, Compression 
of, 105. A 

Gas Charge m Cylinder, Exhausting, 
106. 

Gas Charge in Cylinder, Explosion of, 
105. 

Gas Charge in Cylinder, Pressure of, 
105. 

Gas Engine and Cannon Compared, 

103. 

Gas Engine, Essential Elements of, 

104. 

Gas Mixture Supply Regulation, 295- 
Gas Supply Regulation by Governor, 
290. 

Gasoline Car, Advantages of, 37. 
Gas-Electric Drive, 608, 
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Gasoline Engine, Cycle of,* ICKi. 

Gasoline Engine Cylinder, Charging 
the, 106. 

Gasoline Engine IgnHion Syste/n. 363. 

Gasoline En^ne Starters, 048. 

Gasoline Strainers, Construction of, 
310. 

Gasoline Strainers, Installation of, 
319. 

Gasoline Strainers, Utility of, 310. 

Gasoline Supply by Gravity Feed, 277. 

Gasoline Supply by Pressure Feed, 

^ 77 . 

Gasoline "iSupply by Pump, 270. 

Gauges for Tire Inflation, 031. 

Gearing, Bevel and Spur Combination, 
568. 

Gearing, Double Reduction Axle, 505. 

Gearing, Face Friction, 477. 

Gearing for Camshaft Drive, 170. 

Gear Pump, Oil, 423. 

Gear Shifting, Cause of Defects in, 
672. 

Gear Shifting on Knox Cars, 726. 

Gear Shifting on Locomobile Cars, 
726. ‘ 

Gear Shifting on Peerless Cars, 725. 

Gearshift, Vulcan Electric. 74-’. 

General Driving Instructions, 732. 

General Supplies for Repairing, 096. 

Generator for Acetylene Gas, 009. 

Glycerine, Use of, as Anti-Freezing 
Compound, 736. 

Gravity Feed Systems, 277. 

Gravity Oilers, Disadvantages of, 422. 

Grinding Noises in Engine, Causes of, 
756. 

H 

Hand Wheel Movement in Steering 
Gears, 539. 

Heat Loss Through Exhaust Valve, 
434. 


Heat Loss Through W'ater Jacket*, 
434. 

Helical Ceil Spring Suspension, 533. 
Hewitt Piston Valve Motor, 197, 
Hickory, Use of, in Wheels, 591. 

High Tension Cfnl, Action pf, 774. 
High Tension Ignition System, 387. 
High Tension Magnets, Action of, 789. 
Hinged C; nr.ecting Rod. 222. 

Hints for Tire Manipulation, 624. 
Hoadley System Tractor, 509. 

Holley Carburetor Features, 301. 
Holley Hot and Cold Ail Shutter, 
331. 

Holley Kerosene Carburetor, 321. 
Hollow jMctal Float Features, 291. 
Horizontal Single-Cylinder Motor, 107. 
Horizontally Split Two Piece Crank- 
case, 243. 

How Automobiles are Steered, 533. 
How Current is Induced, 776. 

How Gasoline Engine Works, 102. 

How Supplies are Carried, 702. 

How to Keep Hands Soft, 771. 
lIo\v to Magnetize Iron and Steel. 780. 
How to Prevent ‘‘Kick Back,*’ 700. 
Hubs, Construction for Front Wheels, 
542. 

Hupp Cam Case Assembly, 178. 
Hydraulic 'Valve Operation Means, 
^ 175 . 

I 

I Beam Front Axle, 541. 

Igniter Plate for Low Tension Igni- 
tion, 390. 

Igniter Plate, Operation of, 301. 
Ignition by Electric Spark, 354. 
Ignition by Flame, 353. 

Ignition by Hot Head, 354 
Ignition by Incandescent Tube, 353. 
Ignition Magneto, Parts and Func- 
tions, 396. 
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Ignitipn Magneto, Spacing of Contacts, 
395. 

Ignition Magnetos, Forms of, 405. 
ignition Magnetos, Installation of, 
400. 

Ignition Magnetos, Methods of Reten- 
tion, 407. 

Ignition Magnetos, Speed of Armature, 
395. 

Ignition ^Magnetos, Systems Used, 396. 
Ignition Out of Time, Causes of, 747. 
Ignition Starters, 650. 

Ignition System, C’auses of Failure,* 

753. 

Ignition Systems, Battery, 387. 

Ignition Systems, Distributor, 388. 
Ignition Systems, Early Types, 353. 
Ignition Systems, Gasoline Engine, 353. 
Ignition Systems, Magneto, 390. 
Ignition Systems, Six-Cylinder, 389. 
Ignition, Time of, 205. 

Impediments to Water Circulation, 

754. 

Incaiideseent Bulbs, for Electric Lamps, 
675. 

Indirect Valve Operation Method, 174. 
Individually Cast Cylinder, Features, 
145. 

Individual Clutch Change Speed Gear- 
ing, 486. 

Individual Clutch Gcarsot with Silent 
Chains, 487. 

Individual Pump Oiling Method, 431. 
Induction Coil Action, Theory of, 375. 
Induction Coil, Connections of Parts, 
376. 

Induction Coil Construction, 375. 
Induction Coil, Typical Form, 375. 
Induction Manifold for Kerosene, 323. 
Induction Manifold Forms, 327. 
Induction Manifolds, Four-Cylinder, 

329. 

Induction Manifold, Six-Cylinder, 

330. 


Induction Piping, Built up, 327. 
Induction Piping, Cast Forms, 327. 
Induction Piping, Construction of, 
327. 

Inllucnce of Cylinder Construction on 
Engine Design, 157. 

Inlet Valve C losing, 204. 

Inlet Valve Optming, 203. 

Inlet Valve Operation, Dc.scription of, 
125. 

Installation of Gasoline Strainers, 319. 
Installation of .Magnetos, 400. 
Installation of Power Plants, 137. 
Installation of Spark Plugs, 381. 
Instruction for \'alve Timing, 200. 
Insulation for Induction Coils, 376. • 
Insulation for Secondary Distributor, 
370. 

Iiisulati(»n for Timer Contacts, 370. 
Insulation Materials for Plugs, 380. 
Insulation, Mica for Spark Plugs, 
379. 

Insulation, Porcelain for Spark Plugs, 
379. * , 

Intake Stroke, Definition of, lOO. 
Internal Brake, (!am ExjSandcd, 570, 
Tnteriial Brake, Toggle Exj)anded, 570. 
Interpretation of Flywheel Marks, 208. 
Inverted Cone Clutch Construction, 
461. 

Iron and Steel, How to Magnetize, 
780. 

Irregular Ignition, (’auscs of, 750. 
Irrever^sible Steering Gears, 535. 
Itala Rotary Valve Motor, 187. 

J 

Jack, Forms of, 700, 

Jacks, Car Lifting, 700. * 

Jacksop Cars, Control System of, 731. 
Janney-Steinmetz Air Starter, 652. 
Joining Cells in Multiple, 358. 

Joining Cells in Multiple Series, 358. 
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Joining Cells in Series, 358. 

Joints in Piston Rings, 219. ^ 

Judging Combustion by <-olor of Ex« 
hanst, 752. 

K 

Kerosene as EIngine E'uel, 2(>7. 

Kerosene (‘arburetor. IloIIey 341. 
Kerosene Supply by injection, 3*.i4. 
Kerosene V^iporizer Csing Water 
Spray, 330. 

“ Kick Back/’ How to Prevent, 7<H). 
Kingston Carburetor Cotistruction, 
200 . 

Kniglit Motor, Puel Consinnplion of, 
129. 

Knight Motor Test Results, 128. 
Knii»ht Sl(*eve Valves, 123, 184. 

Knight Sleeve Valves, Operation of, 
127, 

Knight Slide Valve Motor EVatures, 

121 . 

Knight Sliding Sleeve Valves, 185. 
Knoeking Sounds, Clauses of, 755. 

Knox (\ars, Control System of. 731. 
Knox Cars, Gear Shifting Methods, 
726. 

* 

L 

L Head Cylinder Construction, 164. 

L Head Cylinder Design, 160. 
Laminated Leaf Springs, ,526. 
Laminated W'ood E'ranies, .522. 

Lamps for Acetylene Lighting, 671. 
Lamps for Electric Lighting, 073. 
Laneh ester Wiek Carburetor, 200. 

Lead Given Exhaust Valve. 202. 

Leaf Springs, Design of, 527. 

Leather Auto Tops, Method of Treat- 
ing, 760. 

Leather Clutch Facings, Care of, 
759. 


Leather^ Oak Tanned for Clutches, 
458. 

Leather, Retaining E’acings oi Cone, 
46 ^^. 

Leather, Retention by Rivets, 462. 

Lealh^n*, Retention ly T Bolls, 462. 

Leather Top Treatment, PrepaTations 
for, 709. 

J..eft Han . Control, Advaiilagts of, 
728. 

Legro^ Two-Cycle Motor, 248. 

Lib<‘rty- Brush Runabout, Control Sys- 
tem of, 721. 

Life of Fiber Eviction Rings, 761. 

Light Cars, Foreign, 87. 

Lighting System, Acetylene Gas, 669. 

Lighting System, Electric. 672. 

Lighting Systems. Motor Car. 608. 

Liquid Fuel Application. 264. 

Liquid E'uel Storage, 277. 

“ Live ” Rear Axle, 556. 

Locating Power Plant Troubles, 745, 

Location of Change Speed (i earing, 
499. 

Location of Deflector, 215. 

Location of Motor Car Parts, 47, 
49. 

Locks, DiflVrential Gear, 581. 

Locomobile Cars, Gear Shifting 
Method, 726. 

Long Stroke Advantages, 150 

Loosening Clincher Shoes, 625. 

Low Tension Igniter Piate, 390. 

Low Tension Ignition, Coil for, 391. 

Low Tension Ignition, Disadvantages 
of, 392. 

Low Tension Ignition System, 389. 

Low Tension Ignition Wiring Scheme, 
.391. 

Lf)W Tension Magnets, Action of, 788. 

Lubricants, Cylinder, 418. 

Lubricants, Derivation of, 417. 

Lubricants, Devices for Supplying, 
420. 
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Lubricants^ Fire Test of Cylinder Oil, 
419. 

Lubricants, Flash Test of Cylinder Oil, 

419. 

Lubricants, Fluid, 417. 

Lubricants, Oleo-Naptlias, 417. 
Lubricants, Organic, 417. 

Lubricants, Qualities Xeeded, 416. 
Lubricants, Semi-8olid, 417. 
Lubricants, Solid, 417. 

Lubricjiting System, Winter Care of, 
738. 

Lubrication, by Centrifugal Force, 433. 
Lubrication, Gravity Method, 425. 
Lubrication, Individual Pump Sys- 
tem, 431. 

Lubrication, Mechanical, 423. 
Lubrication of Driving Chains, 763. 
Lubrication of Mechanism, Reason for, 
414. 

Lubrication, Positive Systems, 423. 
Lubrication, Pressure Feed, 430. 
Lubrication, Splash System, 425. 
Lubrication, Theory of, 416. 
Lubricators, Individual Pump Type, 
431. 

Lubricators, Mechanical, 423. 
Lubricators, Sight Feed Gravity Cups, 

420. 

Lubricators, Types of, 420. 

M 

Magnet Forms, 779. 

Magnetic Circuits, 780. 

Magnetic Substances, 777. 

Magnetism, Flow of, 780. 

Magnetism, Fundamentals of, 776. 
Magnetism, How to Impart to Iron 
or Steel, 780. 

Magnetism, Lines of Force Defined, 
779. 

Magnetism, Relation to Electricity, 
777. 


Magneto Action, Basic Principles, 787. 

Magneto, Action of Transformer Sys- 
tem, 788. 

Magneto, Action of True High Ten- 
sion, 789. 

Magneto Armatures, Methods of Driv- 
ing, 407. 

Magneto-Generator Constriiction, 393. 

Magneto Ignition, Double System, 410. 

Magneto Ignition, Dual System, 412. 

Magneto Ignition Systems, 396. 

Magneto, Parts and Functions, 785. 

Magnetos, Wiring of High Tension, 
398. 

Magnetos, Wiring of Transformer 
Type, 400. 

Magneto with Fixed Winding, 402. 

Maintenance of Body and Upholstery, 
766. 

Manifolds for Oil Distribution, 428. 

Marine Type Connecting Rod, 222., 

Materials for Frame Construction, 522, 

Materials, Metallic, for (JJlutches, 457. 

Materials Used in Tire Construction, 
598. 

Maxwell ‘‘AA,” Control System of, 
717. 

Mead Rotary Valves, 190. 

Mechanically Fastened Tire Tools, 626. 

Mechanical Oiling Methods, 423. 

Mechanical Production of Electricity, 
363. 

Mechanical Starters, 649. 

Mechanism, Division in Groups, 46. 

Mercedes Carburetor Construction, 
303. 

Mercedes Steering Knuckle, 543. 

Metal Automobile Wheel Types, 591. 

Metal, Cast Automobile Wheels, 591. 

Metallic Materials Used in Clutches, 
457.^ 

Method of Cone Clutch Operation, 460. 

Method of Indirect Valve Operation, 
174. 
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Method of Leather detention, Cone 
Clutches, 462, 

Method oi Marking Flywheel Rim, 
241, 

Method of Using Starting Crank, 
709. 

Methods of Air Cooling, 436. 

Methods of Constructing Crankshafts, 
227. 

Methods of Cylinder Construction, 
143. 

Methods of Driving Cam Shaft, 179. 

Methods of Flywheel Retention, 238. 

Methods of Oil Distribution, 424. 

Methods of Valve Operation, 174. 

Methods of Valve Placing, 161. 

Mf‘thods of Wiring Primary Cells, 
357. 

Methods of Wristpin Retention, 216. 

JMica Insulated Plug, 37S. 

Miscellaneous Chassis Parts, Care of, 
765. 

Miscellaneous Supplies, 701. 

^litchell Car, Control System of, 731. 

Mixing Chamber Forms, 289. 

Mohair Auto Tops, Metliod of Clean- 
ing, 708. 

Motor Car Alarms, 687. 

Motor Car Alarms, Electrical, 687. 

Motor Car Alarms, Exhaust Oper- 
ated, 687. 

Motor Car Brakes, Adjustment of, 
705. 

Motor Car Equipment, 647. 

Motor Car Lighting Systems, 608. 

Motor Car Maintenance, Supplies for, 
698. 

Motor Car Parts, Functions of, 47, 49. 

Motor Car Parts, Location of, 47, 49. 

Motor Car Principles, 43. 

Motor Car Repairs, Tools, for, 693. 

Motor Car Types, Classification of, 69. 

Motor Control Levers, Mounting on 
Steering Gear, 641. 


Motor Control Systems, Typical, 710. 
Motor Installation, Under Seat, 141. 
Motor, Knight Slide Valve, 121. 

Motor Speed Regulation, 711. 

Muffler Forms, 335. 

Mufflers, Wate^ cooled, 336. 

Multiple Connection for Cells 358. 
Multiple-Disc Brake, 573. 
Multiple-Disc Clutches, Care of, 759. 
Multiple-Disc Clutches, Features of, 
^ 71 . 

Multiple-Nozzle Carburetors, 311. 
Multiple-Series Connections for Cells, 
3.58. 

Mushroom Cam Follower, 174. 

N 

Natural Circulation System, 435. 
Necessary Elements of Automobiles, 
44. 

“ Never Miss ” Starting Sj^’stem, 652. 
Noisy Action of Planetary Gearing, 
761. 

Noisy Power Plant, Causes of, 754. 
Number of Speeds in Sliding Gearsets, 
493, 

0 

Oak Tanned Leather for Clutt lies, 458. 
Obtaining Gasoline for Priming Cylin- 
ders, 739, 

Obtaining Varying Car Speeds with 
Friction Gears, 715. 

Off’Set Crankshafts, 155. 

Ofl-Set Cylinder Advantages, 154. 

Oil Distribution by Manifold, 428. 

Oil Distribution by Pressure, 430. 

Oil Distribution Methods, 424. 

Oil Pump Forms, 423. 

Oil Spots on Clothing, Removal of, 
746. 
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Oil Spots, Preparations for Removing, 
741. 

Oiling Devices, Requirements of, 420. 

Oiling Methods, Individual Pumps, 
431. 

Oiling Methods, Mechanical, 423. 

Oiling, Suggestions for, 733. 

Oiling Systems, Constant Level Splash, 
425. 

Oiling Systems, Defects of, 753. 

Oils, Derivation and Use, 417. 

Oils for Cooling Systems, 738. 

One Piece Camshafts, 220. 

One Piece Connecting Rod, 222. 

One Piece Steel Valve, 171. 

Oj)ening Inlet Valve, 203. 

Operating Front Wlu^d Biake, 570. 

Operating Means for Ring Valves, 195. 

Operating Sliding Gearsets, 724. 

Operation of Cone Clutches, 460. 

Operation of Cooling Group, 437. 

Operation of Differential Piston En- 
gine, 135. 

Operation of Friction Clutches, 457. 

Operation of Friction Transmission, 
477. 

Operation of Igniter Plate, 391. 

Operation of Individual Clutch Gear- 
set, 724. 

Operation of Planetary Gearing, 481. 

Operation of Selective Sliding Gear- 
set, 724. 

Operation of Sliding Gearsets, 490. 

Operation of Three-Port Two-Cycle 
Engine, 134. 

Operation of Two-Port Two-Cycle En- 
gines, 130. 

Operation of Valves, 174. 

Oscillating Wristpin Design, 218. 

Outer Casing, How to Remove, 020. 

Outer Casing, Loosening from Rim, 

020 . 

Overheating Caused by Rich IVlixture, 
754. 


P 

Packing Small Spare Parts, 705. 
Parts and Functions of Magneto, 785. 
Parts of Automobile Power Transmis- 
sion System, 454. 

Parts of Dry Battery, 356. 

Parts of Ignition Magneto^ 394. 

Parts of Pressed Steel Frames, 523. 
Parts of Simple Electric Cell, 355. 
Parts of Simple Ignition System, 373. 
Parts of Spark Plugs, 378. 

Parts of Two-Cycle Engines, 130. 
Peerless Carburetor Construction, 309. 
Peerless Cars, Gear Shifting Method, 
725. 

Petroleum Distillates, 205. 

Peugeot Rear Axle, 508. 

Pierce- Arrow Cars, Control System of, 
724. 

Pierce Carburetor Construction, 300. 
Pinching Inner Tubes, 037. 

Piston, Construction of Differential 
Type, 135. 

Piston, Design of Differential Type, 
215. 

Piston, Functions of, 103. 

Piston Rings, Concentric, 219. 

Piston Rings, Construction of, 218. 
Piston Rings, Eccentric, 219. 

Piston Rings, Functions of, 218. 
Piston Rings, Methods of Joining, 219. 
Piston Speed, Definition of, 153. 
Piston Speed, Safe Limit of, 153. 
Piston, Two-Cycle, 214. 

Piston. Two-Diameter, 215. 

Piston Valves, Hewitt, 197. 

Pistons, Construction of, 214. 
Planetary Change Speed Gear, Control 
of, 717. 

Planetary Gearing, Advantages of, 
48.5 j 

Planetary Gearing, All Spur Type, 483. 
Planetary Gearing, Operation of, 481. 
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Planetary Gcarsets, On use ot Noisy 
Action, 671. 

Planetary Gearsets, Clutches foi, 474. 

Planetary Georsets, Dtfecls of, 761, 

Plug Gaps for ^Magneto Current, 
412, 

Plunger for Wrist pin Heteniion, 218. 

Plunger Pump, Oil, 423. 

Plungers, Valve Operating, 174. 

Pneumatic Tire Action, 568. 

Pneumatic 'J’ire Construction, 598. 

i’neujuatic Tires, Air Valve for, 601. 

Pneumatic Tires, Anti-Skid Treads, 
604. 

Pneumatic Tires, Bolted-ou Type, 
()03. 

Pneumatic Tires, Clincher Type, 602. 

I^neumatie Tiros, Dunlop Type, 602. 

Pneumatic Tires, inner Tube Con- 
struction, 598. 

Pneumatic Tires, Methods of Casing 
i?etention, 601. 

Pneumatic Tires, Non-Skid Chains for, 
607. 

Pneumatic Tires, Outer Casings, 5{)8. 

Pneumatic Tires, Protectors for. 607. 

I’neumatic Tires, Quick Detachable, 
601. 

Pneumatic Tires, Repair of, 633. 

Pneumatic Tires, Rims for, 601. 

Pneumatic Tires, Troubles of, 601. 

Poor Carburetor Adjustment, Symp- 
toms of, 752. 

Poor Compression, Causes of, 748. 

Poor Washing Soaps, Effects on Var- 
nish, 767. 

Porcelain Insulated Plug, 378. 

Portable Vulcanizers, Utility of, 634. 

Poppet Valve Arrangement, ITicon- 
ventional, 209. 

Power Needed to Overcome Air Resist- 
ance, 64. 

Power Needed to Propel Car, Deter- 
mination of, 68. 


Power Plant, Features of Unit Con- 
struction, 138. 

Power iiant. Four Point ^Support, 

U^9. 

Power Plant Installation, 137. 

1*0 or I'lant Troubb-s, Lo.-aiion of^ 
74o. 

P(»\vcr Stroke, Definition of, 106. 

Power T ransmissiou by Ikw d and 
Spur Gearing, 568. 

Power Trarsinis.sion by Revel Gearing, 
5(»2. 

Power Transmission ])y Shafts, 544. 

Power Transmission by Side Chains, 
544. 

Power Tiwiismission by Worm Gear- 
ing. 562. 

Power Transmission EfTiciency, 452, 

Power Transmission, Single Chain, 
544. 

T'ower Transmission Systems, 544. 

Pre])aratioiis for Removing Oil Spots, 
740. 

Preiiarations for Treatment of Leather, 
760. 

Pressed Steel Frame, 523. 

Pressed Steel Frame Parts, 523. 

Preservation of Upholstery, 770. 

Pressure at End of C’onipression 
Stroke, 105. 

Pressure Feed Oil Systems, 430. 

Pressure Feed Systems, 277. 

Primary Cell Wiring Methods, 357. 

Principles of Carburetion, 272. 

Principles of Dynamo Action, 363. 

Principles of Engine Starter, 648. 

Principles of Motor Cars, 43. 

Principles of Two-Cycle Engines, 129. 

Problem of Spring Selection, 525. 

Producing Acetylene Gas, 660. 

Production of Electricity by Mechani- 
cal Means, 363. 

Progress of Automobile Design, 39. 

Progressive Sliding Gearset, 400, 
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Properties of Benzol, 379. 

Proportions of Air and Gas Mixtures, 
273. 

Proportions of Valves, 170. 

^Protection Casing for Driving Chains, 
566 . 

Protectors, Disadvantages of, 607. 
Protectors for Tires, 607, 

Pump, Gear for Circulating Oil, 
423. 

Pump, Plunger Type for Oil, 423. 
Pump Supply System, 279. 

Punctures, Repair of, 633. 

Purpose of Differential Gear, 559. 

Q 

Qualities Desired of Lubricants, 416. 

R 

Rack and Pinion Steering Gears, 535. 
Radiator Compounds, Anti- Freezing, 
735. 

Radiator Protection by Shield, 739. 
Radiator Solutions, Calcium-Chloride, 
735. 

Radiator Solutions, Oil, 738. 

Ratio of Bore and Stroke, 150. 

Rayner Two-Cycle Motor, 251. 

Rear Axle and Change Speed Gearing, 
503, 505. 

Rear Axle, Combination Type, 559, 
Rear Axle, Floating Type, 556. 

Rear Axle Forms, 556. 

Rear Axle, Peugeot, 568. 

Rear Axle, Torbensen, 566. 

Rear Axle Transmission, Conventional, 
505. 

Rear Axles, “ Dead ” Type, 556. 

Rear Axles, ‘‘Live” Tj^pe, 550. 

Rear Axles with Double Reduction 
Gears, 505. 

Rear End Suspension, 529. 


Reason for Cooling Systems, 434. 
Reason for Lubrication of Mechanism, 
414. 

Reasons for Spark Advance, 712. 
Regulation of Gas Mixture Supply, 
295. 

Regulation of Motor Speed, 610, 711. 
Removal of Bolted -on Casing, 626. 
Removing Grease from Running 
Gears, 707. 

Removing Outer Casing, 020. 

Reo Car, ('ontrol Svsteni of, 729. 
Repairing Punctures, 633. 

Repairing Sagging Frame Members, 
7 65. 

Repair Outfit for Automobiles, 091. 
Requirements of Carburetor, 274. 
Requirements of Clutches, 456. 
Requirements of Oiling Devices, 420. 
Results of Knight Motor Trials, 128, 
Retaining Magneto on Base, 407. 
Retarded Spark, Efl'ect of, 712. 
Retention of Leather Cone Clutches, 
462. 

Reynolds Rotary Valve Motor, 190. 
Rich Gas Causes Overheating, 754. 
Rims. Clincher, 601. 

Rims, Fisk, 603. 

Rims, Solid Rubber Ti^es, 616. 

Rims, Demountable, CIO. 

Rims, Dunlop, 601. 

Rims, Quick Detachable, 601. 

Ring for Wristpin Retention, 216. 
Ring Valve Operating Means, 195. 
Ring Valves, Sphinx, 193. 

Rocker Arm, Valve Operating, 174. 
Roller Cam Follower, 174. 

Rope for Motorists, 702. 

Rope for Motorists, Utility of, 702, 
Rotary Valve, Double Cone, 191. 
Rotary Va^lves, Conical, 190. 

Rotary Valves, Disc, 190. 

Rotary Valves, Drum, 190, 

Rotary Valves, Itala, 187. 
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Botary Valves, Mead, 190. 

Botary Valves, Reynolds, 100. 

Rules for Manipulating Spark L<>ver. 
712. 

Rules for Obtaining Best T;ie Service, 
637. 

Rules for Tire Inflation, 62S. 

Rules for Tire Selection, 02.S. 

Running Gears, Removing Grease 
from, 707. 

S 

Safe Piston Speed, 153. 

Sagging Frame Members, Strengthen- 
ing, 705. 

Sand Blister, Gause of, 003. 

Kaurer Economy Carburetor, 315. 

Schebler Model “ E Vaporizer, 298. 

Screw and Nut Steering (Jear, 537. 

Scroll Elliptic Springs, 528. 

Secondary Distributor Action, 370. 

Sectional Cushion Tire, 015. 

Selective Sliding Gearset, 492. 

Selective Sliding Gearset, Advan- 
tages of, 493. 

Selective Sliding Gearset, Operatitm 
of, 724. 

Self-Starters for Gasoline Engine, 048. 

Semi-Elliptie Springs, 527. 

Separable Head Cylinder Construction, 
147. 

Sequence of Cycles, Four-Cylinder. 112. 

Sequence of Cycles, Single-Cylinder, 

111 . 

Sequence of Cycles, Six-Cylinder, 114. 

Sequence of Cycles, Threc-CYlinder, 

111 . 

Sequence of Cycles, Two-Cylinder, 1 11. 

Series Connection for Cells, 858. 

Set Screws for Wristpin Retention, 

210 . 

Shaft Drive from Friction Transmis- 
sion, 479. 


SI. ift Driving Methods, 544. 

Shaft Driving Systems, Care of, 764. 
Shaft for Pump and Timer Drive, 22b. 
Shapes of Connecting Rod Sections, 
224. 

Shield for Radiator Piotection, 739. 
Shock Absorber, Coil Spring, b,d4. 
Shock Absorber, Auxiliary Spring 
Type, 685. 

Shock Absorbers, Cam and Spring 
T»pe, 085. 

Shock Absorber, Forms of, 684. 

Shock Absorber, Friction Tvpe 686. 
Shock Absorber, Functions of, 684. 
Shock Absorbers, Oil Check, 680. 
Shock Absorbers, Rubber Buflfer, 684. 
Side Chain Drive System, $44. 

Side Chain Drive from Friction Trans- 
mission, 479. 

Side Slipping, Cause of, 574. 

Side Springs, 528. 

Sight Feed Lubricators, 421. 

Signals and Alarms, 687. 

Silent Cliain Camshaft Drive, 180. 
Silent Chains, Use in Gearset, 487. 
Simple Battery, Disadvantages of, 359. 
Simple Electric Cell, Action of, 355. 
Simple Ignition System, Action of, 
374. 

Simple Ignition System Parts, 373. 
Simple Spray Carburetor, 282. 

Simple Storage Cell, Action o , 300. 
Single Chain Drive, 543, 586. 
Single-Cylinder Motor, Horizontal, 
107. 

Single-Cylinder Motor, Vertical, 108. 
Single-Cylinder Sequence of Cycles, 

in. 

Six-Cylinder Engine Ignition System, 
389. 

Six-CMinder Induction Manifolds, 330. 
Six-Cylinder Motor, Sequence of 
Cycles, 114. 

Skew Bevel Drive Gearing, 577. 
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Sleeve and Piston Valve Combination, 

m. 

Sleeve Valves, Kiii^^ht. 123, IH4. 

Slide Valve Motor, Fischer, 211. 

Slide Valve Motor, Knight, 121. 

(rc^rset^. Design of Four- 

Speed Type, 407, 

Sliding Gearsets, Number of Spetnls 
Provided, 493, 

Sliding Gearsets, Operation of, 490, 
724. , 

Sliding Geursets, Three-Speed Select- 
ive, 407. * 

Sliding Geavset without Direct Drive, 
495. 

Sliding Gear Transmissions. Defects 
of, 702. 

Slip Covers for Upholstery. 770. 
Slipping of Friction Disc, Prevention 
of, 701. 

Small Spare Parts, Packing, 099. 

Solid Gasoline as Fuel, 271. 

Solid Rubber Tires, Attachment of, 
017. 

Solid Rubber Tires, Dual Forms, 017. 
Solid Tire Action, 598. 

Spacing Magneto Distributor Contacts, 
390. 

Spare Parts for Repairing, 090. 

Spark Advance, Reasons for, 712. 

Spark Gap, Function of, 383. 

Spark Lever Position, Effect on Fuel 
Economy, 713. 

Spark Lever Position for Varying 
Speeds, 713. 

Spark Lever, Rules for Manipulating, 
712. 

Spark Plug Design, 378. 

Spark Plug, Functions of, 30. 

Spark Plug Parts, 378. 

Spark Plug, Waterproof (Connection, 
384. 

Spark Plugs, Air Gap for Magneto 
Current, 412. 


Spark Pliiga, Combined with Glass 
In.sets. 384. 

Spark Plugs, Coiiibined with Kelief 
Cock. 3S2. 

Spark Plug^, Defevtm, 750. 

Spark /Vugs, for Two-Spnrk Ignition, 
3S,5. 

Spark Plugs, Installation of, 381. 

Spark Plugs, Two-Pole. 3S(!. 

Speed ^Measuring Devices, 088. 
Spmlomefer, (.'entrifugaJ Tyj)t‘, 090. 
Speedometer Forms, 088. 

Speedometer Oiauating Principles, 089. 
Sphinx Ring Valve Motor, P)3. 
Spinning of Clutch ('ones, 400. 

Spot Removing Preparations, 740. 

Spray Xozzle Forms, 293. 

S»[iieaking Sounds, Clauses of, 755. 
Sju’ing Attachment to Axles, 531. 
Sjnung Attaclunent to Frames, 531, 
Spring Selection, Problem of. 525. 
Spring Shackles, Funetions of, 528. 
Sprijig Wheel Forms, 594. 

Spring Wheels, Disadvantages of, 596. 
SjU'ing, Alloy Steel. 531. 

Springs, Conijmnnd Forms, 533. 
Springs, Full Elliptic, 527. 

Springs, Helical Coil, 533. 

Springs, Tnffueiice on Traction Resist- 
anc(\ 531. • 

Springs, Laminated Leaf, 520. 

Springs, Scroll- F]l]iptic, 528. 

Springs, Semi-Elliptic, 527. 

Springs, Side. 528. 

Springs, Three-Quarter Elliptic, 528. 
Stalnlity, Inthience of Center of Grav- 
ity, 521. 

Stamped Metal Wheels, 591. 

Starters, Air, 051. 

Starters for An tom obi le Engines, 648. 
Starters, Tgnitif)n, 050. 

Starters, ^rechanical, 049. 

Starting Automobile Rower Plant, 
708. 
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Starting Car with Selective Gearing, 
727. 

Starting Crank, Mr tiiod of Using, 
709. 

Starting Gasoline Engin<- 1 y \ii, C51. 

Starting Gasoline Kngii.r^ < n Cold 
Morning, 738. 

Starting Multi -Cylinder Eiiginer., 709. 

Starting SjHtem, CadilLu*. (io5. 

Starting System, Chalnn^rs, 053. 

Starting System, Jaimey-Stvinmetz, 
652. 

Starting System, “ Never ]Miss,” 652. 

Starting Systeitis, Electrical, 654. 

Starting Systems, One Unit. (>57. 

Starting Systems, Two Unit, 661. 

Steam Car, Advantages of. 37. 

Steel Tubing, Use in Frames, 522. 

Steering Animal Drawn Conveyance, 
533. 

Steering Connections, Care of, 7(>4. 

Steering Gear Action, 535. 

Steering Gears, Adjustment for Wear, 
538. 

Steering Gears for Automobiles. 535. 

Steering Gears, Hand Wheel Move- 
ment, 539. 

Steering Gears, Irreversible. 535. 

Steering Gears, Mounting of ( ontrol 
lA'vers, 541. 

Steering Gears, Back and Pinion. 535. 

Steering Gears, Screw and Nut, 537. 

Steering Gears, Use of Ball Thrust 
Bearings, 541. 

Steering Gears, Utility of Eccentric 
Bushings, 538. 

Steering Gears, Worm and W^orni 
Gear, 535. 

Steering Knuckles, Elliot Type, 543. 

Steering Knuckles, Mercedes, 543. 

Steering Knucklos, Utility of, 535. 

Steering Mechanism, Back Lash in, 
766. ‘ 

Stone Bruise in Tires, 632. 


Stopping Car with S-dective Gearing, 
728. 

Storage Battery Action, 350. 

St >rage BatWy Cm. .st ruction, 360. 

Storage Battery, Current Strength, 
302. 

Storage Battery for Autoreobile W'ork, 
361. 

Storage Ceil, Action of simple Type, 
360. 

Storage of I Lpiid Fuel, 277. 

Straight Line Shaft Drive, 546. 

Stream Line Body Design, 67. 

Strength of Valve Springs, 182. 

Strength of Wire Automobile W heels, 
592. 

Strokes, Actual Duration of. 115, 

Stromberg Double Jet Carlniretor, 313. 

Suggestions for Oiling, 733. 

Summary of Valve Operation Meth- 
ods, 178. 

Supplies for Motor Car ^Maintenance, 
608. 

Supplies, Method of Carrying, 702. 

Supplies, Miscellaneous, 701. 

Supplying Kerosene by Direct Injec- 
tion, 324. 

Suspension of Frame, 525. 

Suspension of Front End, 528. 

Suspension of Bear End, 529. 

Symptoms Denoting Defective Car- 
bnretion, 752. 

Symptoms of Poor Caiburetor Adjust- 
ment, 752. 

T 

Tests for Acid in Calcium Chloride 
Solid ion, 736. 

Tests for Battery Capacity. 749. 

Tests of Knight Motor, 128. 

T Head Cylinder Construction, 161. 

Theory of Cylinder Cooling, 435, 

Theory of Induction Coil Action, 375, 
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Theory of Lubrication, 416. 

Theory of Thermo-Syphon Cooling 
System, 439, 

Thermo-Syphon Cooling Systems, 439. 
^'hreaded Plugs for Wristpin deten- 
tion, 216. 

Three Bearing Four-Cylinder Crank- 
shafts, 231. 

Three-Cylinder Motor, Sequence of 
Cycles, 112. 

Three-Plate Clutch Construction, 407. 
Three-Plate Clutch with Brake, 470. 
Three-Point Support Advantages, 138. 
Tliree-Port Two-Cycle Engine Opera- 
tion, 134. 

Three-Quarter Elliptic Springs, 528. 
Three-Quarter Scroll Elliptic Springs, 
528. 

Three-Speed Selective Sliding Gear- 
set, 407. 

Three- Wheel Tractor, 75. 

Tie Bar, Functions of, 475, 

Time of Ignition, 205. - 
Timer and Distributor Forms, 307. 
Timer and Pump Drive Shaft, 220. 
Timer, Four-Cylinder T>'pes, 370. 
Timer, Touch Contact, 369. 

Timer, Wipe Contact, 369. 

Timers, Arrangements of Contacts, 
372. 

Timers or Distributors, Defects of, 750. 
Timers, One-Cylinder Types, 368. 
Timers, Speed of Rotation, 308, 
Timing, Fischer Slide Valves, 211. 
Tire Failure, Causes of, 031. 

Tire Inflation, Importance of, 630. 

Tire Inflation Methods, 631. 

Tire Inflation, Table of Pressure, 630. 
Tire Manipulation Hints, 624. 

Tire Irons, Forms of, 621. 

Tire Irons, Use of, 621. 

Tire Protectors, 607. 

Tire Repair Outfit, 624. 

Tire Restoration, Supplies for, 619. 


Tire Restoration, Tools for, 619. 

Tire Size, Table for Selection, 629. 

Tire Sizes and Axle Loads, 629. 

Tires for Automobiles, 59(5. 

Tool Roll and Tool Assortment, 691. 
Tools and Miscellaneous Equipment, 
091. 

Tools for Mechanically Fastened Tires, 
026. 

Tools, Use and Care of, 093. 

7'orbensen Rear Axle, 500. 

Traction Resistance, Influence of 
Springs, 531. 

Tractor, Three Wheel, 75. 

Tractor, Four Wheel, 83. 

Tractor, Agricultural, 97. 

Tractor. Hoadley System, 509. 
Transforming Reciprocating to Rotary 
Motion, 113. 

Transmission of Power, 544. 
Transmission Gear for Four-Wheel 
Drive, 505, 548. 

Treads, Anti-Skid, 604, 

Treads, Raised Type, 604. 

Treating Leather Tops, 709. 

Trend of Construction, 40. 

Troubles in Carburetors, 752. 

Tubular Front Axle, 541. 

Tungst<m Filament Bulbs, 076. 
Tungsten Filament, Current Consump- 
tion of, 676. 

Two Bearing Four-Cylinder Crank- 
shaft, 231. 

Two-Cycle Qylinder Ports, Function 
of, 132. 

Two-Cycle Engine, Differential Piston 
Type, 135. 

Two-Cycle Engine Disadvantages, 136. 
Two-Cycle Engine Parts, 130. 
Two-Cycle Engines, Principles, 129. 
Two-Cycle Motor, Air Cooled, 448. 
Two-Cycle Motor, Amplex, 246. 
Two-Cycle Motor, Cot^, 248. 

Tw^o-Cycle Motor, Legros, 248. 
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Two-Cycle Motor, Ray^ei , 2^1, 
Two-Cycle Piston, 214. 

Two-Cylinder Motor, Sequence of 
Cycles, 111. 

Two- Cylinder Opposed \fptor refltu**es, 
117. 

Two-Oiameter Piston, 215, 

Two-Pole Spark Plu<j, 3S6. 

Two-Port Two-Cycle Engine Opera- 
tion, 130. 

Two-Spark Ignition System, 385. 
Two-Speed Axle, 577. 

Two-Thrown Crankshaft, 230. 

Types of Change Speed Gearing, 47 G. 
Types of Cooling Systems, 435. 

Types of Crankshafts, 227. 

Types of Lubricators, 420. 

Types of Valve Plungers, 174. 

Typical Engine Stoppage Anah’zed, 

^ 746 . 

Typical Four-Cycle Power Plants, 
253. 

Tj'pical Front Wheel Brakes, 575. 
Typical Induction Coil, 375. 

Typical Magneto Forms, 405. 

Typical Motor Control System, 710. 
Typical Valve Timing Diagrams, 206. 

U 

Underslung Frame Advantages, 521. 
Underslung Frames, 521. 

Unit Power Plant Features, 137. 
Upholstery, Preservation of, 770. 
Upswept Frame TyP^N '*^24. 

I^ee and Care of Tools, 603. 

Use of Combined Clutch and Brake 
Pedal, 730. 

Use of Cone Brake, 466. 

Utility of Auxiliary Exhaust Valve, 
445. 

Utility of Change Speed Gearing, 475. 
Utility of Cut-Out Valve, 338. 

Utility of Eccentric Bushings, 538. 


L+tility of Friction Pedal, 717. 

X rility of Gas Engine Valves, 104. 
Utility of Gasoline Strainers, 319. 
Utility of Motor Car Brakes, 568. 
Utility of Windshields, 683. * 

V 

Valve, lievel Seat, 170. 

Valve, C 'jst Iron Head, 171, 

Valve Construction, 170. 

Valve Design, 169. 

Valve, Electrically Welded, 171. 

\"alve, Flat Seat, 170. 

Valve for Pneumatic Tires, 601. 

Valve Head Construction, 171. 

Valve in the Head Construction, 161. 
Valveless Miesse Engine, 185. 

Valve Lifting Cams, 173. 

Valve Location Features, 160. 

Valve, One Piece Steel, 171. 

Valve Operation by Plunger, 174. 

Valve Operation by Rocker Arm, 174. 
Valve Operation, Hydraulic, 175. 

Valve Operation, Indirect, 175. 

Valve Operation Metliods, 174. 

Valve Operation, Methods Summar- 
ized, 178. 

Valve Placing Methods, 161. 

Valve Plunger Types, 174. 

Valve Proportions, 170. 

Valve Springs, Strength of, 182. 

Valve Timing, Closing Inlet, 204. 
Valve Timing, Exhaust Closing, 202. 
Valve Timing, Exhaust Valve Lead, 
202 . 

Valve Timing Instructions, 200. 

Valve Timing, Making Flyw^heel, 207. 
Valve Timing, Opening Inlet, 203. 
Valve Timing, Steps in, 209. 

Valve Timing, Typical Diagrams, 206. 
Valves, Concentric Construction, 167. 
Valves, Darracq, Rotary Distributor, 
197. 
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Valves, Piston, 185, 197. 

Valves, Rotary, 187, 190, 191. 

Valves, Sleeve, 184, 185. 

Valves, Split Ring, 193. 

V'alves, Utility of, 104. 

Vaporizing GiisoHno, Early Methods, 
280. 

Vainish Deterioration Because of Poor 
W ash i ng Soap ,707. 

Varnish Deterioration, Elleci of Am- 
monia Fumes, 708. 

Venturi Tube Action, 200. 

Vertical Single-Cylinder Motor, 108. 
Vibrator, Action of, 775. 

Vigrator Coil Defects, 751. 

Voltage, Definition of, 358. 

Voltage Required for Ignition, 302. 
Vulcanizers, Acid Cure, 024. 

Vulcan Fdectric Gearshift, 742. 
Vuleanizers, Electrical, 035. 
Vulcaiiizei’s, ^Method of Using, 035. 
Vulcanize!’, Vapor, 035. 

Vulcanizing, Tempera turea for, 035. 

W 

Wagon Brake Form, 508. 

Water Circulating Pumj)S, 438. 

Water Circulation, Impediments to, 
754. 

Water-Cooled ^Mufflers, 330. 

Water Cooling hy P'orced Circulation, 
435. 

Water Cooled ])y Natural Circulation, 
435. 

Water Cooling Methods, 435. 
Waterproof Spark Plug Connection, 
384. 

Watt, Definition of, 358. 

Wheels, Detachable, 038. 

Wlieels, Rudge-WTiitworth, 038. 

Wick Carburetor Action, 280. 

Wick, Carburetor, Lanchester, ^84. 
Windshields, Construction of, 084. 
Windshields, Glass, 084. 


Windshields, Leather and Celluloid, 
083. 

Windshields, Utility of, 083. 

Winter Care of Automobiles, 735. 

Wintm* Care of Lubricating System, 
738. 

Wire Automobile Wheels, 588. 

Wire Automobile Wheels, Strength 
of, 592. 

Wire for Magneto Ignition Systems, 
412. 

Wire M'heels, Disadvantages of, 592. 

Wiring, Defects of, 751. 

Wiring Diagram, Four-Cylinder 
Double System, 411. 

Wiring.Diiigrum of Low Tension Sys- 
tem, 391. 

Wiring of Battery Ignition Systems, 
388. 

Wiring Systems, High Tension Mag- 
neto, 3!)S. 

Wiring System, Transformer (^oil 
Magneto, 400. 

Wood Automobile Wlieels, 588. 

Wooden Wheels, Artillery Huh, 588. 

Wooden IVheels, Savern Hub, 588. 

Wood Frames, 522. 

Worm and Worm Gear Steering, 535. 

Worm Gear Driving, 5(>2, 583. 

Worm Gearing, Adv^^ntages, of, 504. 

Worm Gearing, Kfiicieney of, 504. 

Wh-istpin, Functions of, 210. 

Wristpin Retention hy Plunger, 218. 

W’^ristpin Reteniion hy Ring, 210. 

W>istpin Retention by Set Screw, 210. 

Wristpin Retention hy Threaded 
Plugs, 210. 

Wristpin Retention of, 216. 
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Yearly Ontjmt of Automobiles, 35. 
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Zenith Double Jet Carburetor, 317. 
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ATTTOMOBgJi 

THE MODERN GASOLDfE AUTOMOBILlir-ITS DESIGN, CONSUOTCnON, 
MAINTENANCE AND REPAIR. By Victoe W. Paqb, M. E. 

The latest and most complete treati<je on the Gasoline Auoomoblle over issued. Written 
tn simple language by a recognized authority, familiar with e^ery bwinch ol the automobQe 
Industry. Free from tecimlcal terms. Everything Is e^pla^ned so simply that anyone of 
average intelligence may gain a compreheoorive anowlt^ge of the gasoline automohdSe. 
The information is up-to>date and incuudes. in addition to an expos! ticm of principles of 
construction and description of all types of automobiles and their components, valuable 
money-saving hints on the care and operation of motor cars nropelled by Internal combus- 
tion engines. Among some of the subjects treated might be mentioned: Tor:>edo and otimr 
symmetrical body forms designed to reduce air resistance; sleeve valve, rotary valve and 
other types of silent motors; increasing tendency to fi-vor worm-gear power-transmission: 
universal application of magneto Ignition; development of automobile electric-lighting 
systems; block motors; underslung chassis; application of practical self-starters; long stroke 
and offset cylinder motors; latest automatic lubrication systems; silent chains for valve 
operation and change-speed gearing; the use of front wheel brakes and many o*her detail 
refinements. 

By a careful study of the pages of this book one can gain practical knowledge of automobile 
construction that will save time, money and worry. The book tells you just what to do, how 
and when to do it. Nothing has been omitted, no detail has been slighted. Every part of 
the automobile, Its equipment, accessories, tools, supplies, spare parts necessar3\ etc., have 
been discussed comprehensively. If you are or Intend to become a motorist, or are in 
any way interested in the modern Gasoline Automobile, this is a book you cannot afford to 
be without. Nearly 600 6x9 pages — and more than 500 new and specially made detail il- 
lustrations. as well as many full, page and double page plates, showing all parts of the 
automobile. Including nine large folding plates. Price $8 »60 

BALLOONS AND FLYING MACHINES 

MODEL BALLOONS AND FLYING MACHINES. WITH A SHORT ACCOUNT OF 
THE PiOGRESS OF AVIATION. By J. H. Alexander. 

This book has been written with a view to assist those who desire to construct a model airship 
OB flying machine. It contains five folding plates of working drawings, each sheet containing 
a different sized machine. Much instruction and amusement can be obtained from the making 
and flying of these models. 

A short account of the progress of aviation is included, which will render the book of greater 
interest. Several illustrations of full sized airship and flying machines of the latest types are 
scattered throughout the text. This practical work gives data, working drawings, and details 
which will assist materially those interested in the problems of flight. 127 pages, 45 illustra- 
tions, 5 folding plates. Price 9 1*60 

BRAZING AND SOLDERING 


'^BRAZING AND SOLDERING. By James F. Hobart. 

The only book that shows you iust how to handle any job of brazing or soldering that comes 
fdong; tells you what mixture to use, how to make a furnace if you need one. Full of 
valuable Idnks. The fifth edition of this book has just been published, and to it much 
new matter and a large number of tested formulas for all kinds of solders and fluxes have 
been added. Illustrated 26 cents 


CHARTS 


MODERN SUBMARINE CHART— WITH 200 PARTS NUMBERED AND NAMED. 

A cross-section view, showing clearly and distinctly all the interior of a Submarine of the 
latest type. You get more information from this chart, about the construction and opera- 
tion of a Submarine, than in any other way. No details omitted — everything is accurate 
and to scale. It is absolutely correct in every detail, having been approved by Naval 
Engineers. All the machinery and devices fitted in a modem Submarine Boat are shown, and 
to make the engraving more readily understood all the features are shown in operative form, 
with Officers and Men in the act of performing thb duties assigned to them m service con- 
. __ ENpTPLOPEDIA OF A SUBMARINE. ‘ 


ditlons. This CHART IS REALLY AN 
Is educational and worth many times its cost. 


It 

Milted in a Tube for. 26 oenti 
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BOX CAR CHART. 

A chart showing the anatomy of a box car, having every part of the car numbered and its 
proper name given in a reference list 20 cents 

GONDOLA CAR CHART. 

A chart showing the anatomy of a gondola car, having every part of the car numbered and 
its proper reference name given in a reference list 20 cents 

PASSENGER CAR CHART. 

A chart showing the anatomy of a passenger car, having every part of the car numbered and 
its proper name given in a reference list 20 cents 

WESTINGHOUSE AIR-BRAKE CHARTS. 

Chart I. — Shows (in colors) the most modern Westinghouse High Speed and Signal Equip- 
ment used? on Passenger Engines, Passenger Engine Tenders, and Passenger Cars. Chart 
II. — Sho\^8 (in colors) the Standard Westinghouse Equipment for Freight and Switch En- 
gines, Freight and Switch Engine Tenders, and Freight Cars. Price for the set . 50 centi 

TRACTIVE POWER CHART. 

A chart whereby you can rind the tractive power or drawbar pull of any locomotive, without 
making a figure. Shows what cylinders are equal, how driving wheels and steam pressure 
affect the power. What sized engine you need to exert a given drawbar pull or anything 
you desire m this line 50 cents 

HORSE POWER CHART. 

Shows the horse power of any stationary engine without calculation. No matter what the 
cylinder diameter of stroke; the steam pressure or cut-off; the revolutions, or whether con- 
densing or non-condensing, it’s all there. Easy to use, accurate, and .saves time and calcu- 
lations. Especially useful to* engineers and designers ... 50 cents 

BOILER ROOM CHART. By Geo. L. Fowler. 

A Chart — ^size 14 x 28 inches — showing in isometric perspective the mechanisms belonging 
in a modern boiler room. Water tube boilers, ordinary grates and mechanical stokers, feed 
water heaters and pumps contprise the equipment. The various parts are shown broken or 
removed, so that the internal construction is fully illustrated. Each part is given a reference 
number, and these, with the corresponding name, are given in a glossary printed at the sides. 
This chart is really a dictionary of the boiler room — the names of more than 200 parts being 
given. It is educational— worth many times its cost 25 cents 

CIVIL ENGIWBERING 

HENLEY’S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 
TRADES. Edited by Joseph G. Horner, A. M. I. R. M. 

This set of five volumes contains about 2,500 page.s with thousands of Illustrations, including 
diagrammatic and sectional drawings wdth full explanatory details. This work covers the 
entire practice of Civil and Mechanical Engineering. The best known experts in all branches 
of engineering have contributed to these volumes. The (’yclopedia is admirably well adapted 
to the needs of the beginner and the self-taught practical man, as well as the mechanical en- 
gineer, designer, draftsman, shop superintendent, foreman, and machinist. The work will be 
found a means of advancement to any progressive man. It is encyclopedic in scoi>e, thorough 
and practical in its treatment of technical subjects, simple and clear in its descriptive matter, 
and without unnecessary technicalities or formulae. The articles are as brief as may be and 
yet give a reasonably clear and explicit statement of the subject, and are written by men who 
have had ample practical experience in the matters of which they write. It tells you all you 
want to know about engineering and tells it so simply, so cl(;arly, so concisely, that one cannot 
help but understand. As a work of reference it is without a peer. $6*00 per single volume. 
For complete set of five volumes, price $25.00 


GOES 

COKE— MODERN COKING PRACTICE; INCLUDING THE ANALYSIS OF 
MATERIALS AND PRODUCTS. * By T. H. Byrom and J. E. Christopher. 

A handbook for those engaged in Coke manufacture and the recovery of By-products. Fully 
iUustrated with folding plates. . It has been the aim of the authors, in preparing this book, 
to produce ore which shall be of use and benefit to those who are associated with, or Inter- 
ested in, thf moderj|j|developments of the industry. Contents: I. Introductory. II. Gen- 
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eral Classification of Fuels. III. Coal Washim;. IV. The Sampling and Valuation of Coal, 
Coke, etc. V. Ihe Calorillc Power of Coal and C(»ke. VI. Coke Ovens. VII. Coke Ovens, 
continued. VIll. Coke Ovens, continued. IX. Charging and Dischai^ng of Coke Ovens, 
X. Cooling and Cpndensing Plant. XI. Gas Erhausters. XII. Composition and Analysis 
of Ammoniacal Liquor. XJII. Working-un of Aminoniacal Liquor. XIV. Treatment of 
Waste Oases from Stilphatc PUnts. !XV. Valuation of Ammonium Sulphate. XVI. Direct 
Recovery of Ammonia from f'oke Oi/en Gases. XVII. Sumlus Gas from Coke Oven. Use- 
ful Tables. Very fully illustrated. Price ... .98.50 net 

COMPRESSED AIR 


COMPRESSED AIR IN ALL ITS APPLICATIONS. By Cardnek D. Hiscox. 

This is the most complete book on the .subject of A'r that has ever been issued, and Its thirty- 
five chapters include about every pnase of the subject one can think of. It may be called an 
encyclopedia of compressed air. It is written by an expert, who, in its 665 pages, has dealt 
with the subject in a comprehensive manner, no phase of it being omittecT Includes the 
physical properties of air from a vacuum to its highest pres.surc, its thermodsmamics, com- 
pression, transmission and uses as a motive power; in the Operation of Stationary and Port- 
able Machinery, in Mining. Air Tools. Air Lifts, Pumping of Water, Acids, anti Oils; the 
Air Blast for Cleaning and Painting, the Sand Blast and Its Work, and the Numerous Appli- 
ances in which Compressed Air is a Most Convenient and Economical Transmitter of Power 
for M..»chanical AVork, Railway Propulsion. Refrigeration, and the Various Uses to which 
Compressed Air has been applied. Includes forty-four tables of the physical properties of 
air. its compression, e.vpansion. and volumes required for various kinds of work, and a list of 
patents on compressed air from 1875 to date. Over 500 illustrations, 6th Edition, revised and 
enlarged. Cloth bound, $5.00. Half Morocco, price $6*60 

CONCRETE 


ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Hodqhton. 

The proce.ss for making ornamental concrete without molds has long been held as a secret, and 
now, for tile first time, this urocess is given to the pulilic. The book reveals the secret and is 
the only book publishfid whicn explains a simple, practical method whereby the concrete worker 
is enatiled, by employing wood and metal templates of different designs, to mold or model in 
concrete anv Cornice, Archivolt, Column, Pedestal, Base Cap, Urn or Pier in a monolithic 
form — right upon the job. These may be molded in units or blocks, and then built up to suit the 
specifications demanded. This work is fully illustratejd, with detailed engravings. Price $8.00 


CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret by 
the few who posses.sed it, and whicii will succe.s.sfuny mold every and any class of ornamental 
concrete work. The process of molding concrete with sand molds is of the utmost practical 
value, pos.scs^ing the manifold advantages of a low co.st of molds, the ea.se and rapidity of 
operation, perfect details to all ornamental design.s, density, and increased strengtn of the 
concrete, perfect curing of the work without attention and the easy removal of the molds re- 
gardless of any undercutting the design may have. 192 pages. Fully illustrated. Price $S. 00 


CONCRETE WALL FORMS. By A. A. Houghton. 

Anew automatic wall damp is illustrated with working drawings. Other types jf wall 
forms, clamps, separators, etc., are also illustrated and explained 60 cent* 


CONCRETE FLOORS AND SIDEWALKS. By A. A. Houghton. 

The mold.s for molding squares, hexagonal and many other styles of mosaic floor and side- 
walk blocks are fully illustrated and explained 60 centa 


PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghi'on. 
Complete working drawing.s and specifications are given for several styles of concrete siloa, 
with illustrations of molds for monolithic and block siios. The tables, data and information 
presented in this book are of the utmost value in planning and constructing all forms of concrete 
silos .... 50 cents 


MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By 

A. A. Houghton. 

The manufacture of all types of concrete slate and roof tile is fully treated. Valuable data 
on all forms of reinforcerl concrate roofs are contained within its pages. The construction of 
concrete chimnevs by block and monolithic systems is fully illustrated and described. A 
number of ornamental designs of chimney construction with molds are shown in this valu- 
able treatise . . «... 50 cants 
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MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Hoitohton. 

The proDer proportions of cement and aggregates for various finishes, also the methods of 
thorougnly mixing and placing in the molds, are fully treated. An exhaustive treatise on this 
subject that every concrete worker will find of daily use and value 60 cents 

CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By A. A. 

Houghton. 

The molding of concrete monuments to imitate the most expensive cut stone is explained in 
this treatise, with working drawings ol easily built molds. Cutting inscriptions and designs 
i8 also fully treated .50 cents 

MOLDING CONCRETE BATH TUBS, AQUARIUMS AND NATATORIUMS. 

By A. A. Houghton. 

Simple piolds and instruction are given for molding many styles of concrete bath tubs, 
swimming pools, etc. These molds are easily built and permit rapid and successful 
work 50 cent! 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. Houghton. 

A number of ornamental concrete bridges with illustrations of molds are given. A collapsible 
center or core for bridges, culverts and sewers is fully illustrated with detailed instructions for 
building : .50 cents 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A number of designs v/ith working drawings of molds are fully explained so anyone can easily 
construct different styles of ornamental concrete porches without the purchase of expensive 
molds . ... .... 50 cents 

MOLDING CONCRETE FLOWER POTS, BOXES, JARDINIERES, ETC. By 

A. A. Houghton. 

The molds for producing many original designs of flower pots, urns, flower boxes, jardinieres 
etc., are fully illustrated and explained, so the worker can easily construct and operate 
same 50 centfc 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By 

A. A. Houghton. 

The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun dials 
and other fornls of ornamental concrete for the ornamentation of lawns and gardens, is 
^ully illustrated and described 50 cents 

CONCRETE FOR THE FARM AND SHOP. By A. A. Houghton. 

The molding of drain tile, tanks, cisterns, fence posts, stable floors, hog and poultry houses 
and all the purposes for which concrete is an mvaluable aid to the farmer are numbered 
among the contents of this handy volume 60 cenit* 

POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By Myron 
H. Lewis, 

This is a concise treatise of the principles and methods employed in the manufacture and use 
of cement in all classes of modern works. The author has brought together in this work all 
the salient matter of interest to the user of concrete and its many diversified products. The 
matter is presented In logical and systematic order, clearly written, fully illustrated and free 
from involved mathematics. E very thing of value to the concrete user is given including kinds 
of cement employed in construction, concrete architecture, inspection and teiiting, water- 
proofing, coloring and painting, rules, tables, working, and cost data. The book comprises 
thirty-three chapters, as follows: 

Introductory. Kinds of Cements and How They are Made. Properties, Testing and 
Requirements of Hydraulic Cement. Concrete and its Properties. Sand, Barken Stone and 
Gravel for Concrete. How to Proportion the Materials. How to Mix and Place Concrete. 
Torms for Concrete Construction. The Architectural and Artistic Possibilities of Concrete. 
Concrete Residences. Mortars, Plasters and Stucco and How to Use Them. The Artistic 
Treatment of Concrete Surfaces. Concrete Building Blocks. The Making of Ornamental 
Concrete. Concrete Pipes, Fences, Posts, Etc. Essential Features and Advantages of Reen- 
forced Concrete. How to Design Reenforced Concrete Beams, Slabs and Columns. Bx- 
planaticms of the Methods and Prindipies In Designing Reenforced Concrete Beams and 
Slabs. Systems of Reenforcement Employed. Reenforced Concrete in Factory and General 
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Building Congtoction. Concrete In Foundation Work. Concrete Retaining Walls. Abut- 
ments, and Bulkheads. Concrete Archeii and Aren Bridges. Concrete Beam and Girder 
Bridges. Concrete m Sewer'^e and Drainage Works. Concrete Tanks, Dams and Reser- 
voirs. ^ Concrete Sidewalks, Curbs and Pavements. Concrete in Railroad Constructions. 
The UtWty of Concreto on the Farm. The Waterproofling of Concrete Structure, Grout 
or Llqulu Concr^ and Its inae. Inspection of Concrete Work. Cost of Concrete Work. 
Some Oi the fm^a! futures of the book are: 1. The Attention Pal-* to the Artistic and 
Architectural Side of Concrete Work. 2. The Authoritati /e Treatfnent of the Problem 
of Waterj^onng Opncretii. 3. An Excellent Summary of the Rules to be Follow'^ Is 
Concrete Construction. 4. The \ aluable Cost Data and tJseful Tables given. A valuable 
Addition to the Library of Every C(?ment and Concrete User. Price ^.60 


WATERPROOFING CONCRETE. By Myron H. Lew 3. 

Modem Methods of Waterproofing C ncrete and Otuer Structures. A condensed statement 
of the Principles, Rules, and Precautions to be Obser'^ed in Waterproofing and Damp- 
proofing Structures and Structural Materials. Paper binding. Illustrated. Price. .50 cents 


DICTIONARIES 


STANDARD ELECTRICAL DICTIONARY. By T. O’Conor Sloanb. 

An indispensable work to all interested in electrical science. Suitable alike for the student 
and professional. A practical hand-book of reference containing definitions of about 6,000 
distinct words, terms and phrases. The definitions are terse and concise and include every 
term used in electrical science. Recently issued. An entirely new edition. Should be in 
the possession of all who desire to keep abreast with the progress of this branch of science. 
Complete, concise and convenient. 082 pages. 393 illustrations. Price • • . • $8*00 


DIES— METAL WORK 


DIES; THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING OF 
SHEET METALS. By J. V. Woodworth. 

A most useful book, and one which should be in the hands of all engaged in the press working 
of metals; treating on the Designing, Constructing, and Use of Tools. Fixtures and Devices, 
together with the manner in which they should be used in the Power Press, for the cheap and 
rapid production of the great variety of sheet metal articles now in use. It is designed as a 
guide to the production of sheet metal parts at the minimum of cost with the maximum of 
output. The hardening and tempering of Press tools and the classes of work which may be 
produced to the best advantage by the use of dies in the power press are fully treated. Its 
505 illustrations show dies, press fixtures and sheet metal working devices, the descriptions 
of which are .so clear and practical that all metal-working mechanics will be able to understand 
how to design, construct and use them. Many of the dies and press fixtures treated were 
either constructed by the author or under his supervision. Others were built by skilful 
mechanics and are in use in large sheet metal establishments and machine shops. Price $? .00 

PUNCHES, DIES AND TOOLS FOR MANUFACTURING IN PRESSES. By J. V. 

Woodworth. 

This work is a companion volume to the author’s elementary work entitled “Dies, Their 
Construction and Use.” It does not go into the details of die making to the extent of the 
author’s previous book, but gives a comprehensive review of the field of operations carried on 
by prevsses. A large part of the information given has been drawn from the author’s personal 
experience. It might well be termed an Encyclopedia of Die Making, Punch Making. Die 
Sinking, Sheet Metal Working, and Making of Special Tools, Sub-presses, Devices and Mechani- 
cal Combinations for Punching, Cutting, Bending, Forming, Piercing, Drawing, Compressing 
and Assembling Sheet Metal Parts, and also Articles of other Materials in Machine Tools. 
2d Edition. Price 84.00 

DROP FORGING, DIE SINKING AND MACHINE FORMING OF STEEL. By J. V. 

Woodworth. 

This is a practical treatise on Modem Shop Bractioe, Processes, Methods, Machines, Tools, 
imd Details, treating on the Hot and Cold Machine-Forming of Steel and Iron into Finished 
ahapes; Together with Tools, Dies, and Machinery involved m the manufheture of Duplicate 
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Forgings and Interchangeable Hot and Cold Pressed Parts from Bar and Sheet Metai. 
This book fills a demand of long standing for information regarding drop forging, die-sinking 
and machine forming of steel and the shop practice involved, as it actually exists in tin. 
modem drop forging shop. The processes of die-sinking and force-mak<ng. which are thor- 
oughly described and illustrated m this admirable work, are rarely V ./e found explained in 
such a clear and concise manner as is here sot forth. The process of dic^sinking relates to 
the engraving or sinking of the female or lower dies, such as are used for drop forgings, hot 
and cold machine forging, swedgiiig and the press working of metals. The process of forc(^- 
making relates to the engraving or raising of the male or upper dies used in producing the 
lower dies for the press-forming and machine-forging of dupheate parts of metal. 

In addition to the arts above mentioned the book contains explicit information regarding 
the drop forging and hardening plants, designs, conditions, equipment, drop hammers, 
forging machines, etc., machine forging, hydraulic forging, autogenous welding and shoo 

E ractice. The book contains eleven chapters, and the information contained in these chapters 
; just lyhat will prove most valuable to the forged metal worker. All operations describ^jd 
in the work are thoroughly illustrated by means of pei*spective half-tones and outline sketches 
of the machinery employed. 300 detailed illustrations. Price $2.50 

DBAWING-SkETGHING PAPER 


LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Kraus. 

This work gives the theory and practice of linear perspective, as used in architectural, engl 
neering, and mechanical drawings. Persons taking up the study of the subject by themselves 
will be able by the use of the instruction given to readily grasp the subject, and by reason- 
able practice become good perspective draftsmen. The arrangement of the book is good ; 
the plate is on the left-hand, while the descriptive text follows on the opposite page, so as to 
be readily referred to. fhe drawings are on sufficiently large scale to show the work clearly 
and are plainly figured. The whole work makes a very complete course on perspective draw- 
ing, and will be found of great value to architects, civil and mechanical engineers, patent 
attorneys, art designers, engravers, and draftsmen 92.60 

PRACTICAL PERSPECTIVE. By Richards and Colvin. 

Shows just how to make all kinds of mechanical drawings in the only practical perspective 
isometric. Makes everything plain so that any mechanic can understand a sketch or drawing 
in this way. Saves time in the drawing room, and mistakes in the shops. Contains practical 
examples of various classes of work. 3rd Edition 50 cents 

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By F- L. Sylvester, M.E., Draftsman, with additions by Erik Oberq, 
associate editor of Machinery.^' 

This is a practical treatise on Mechanical Drawing and Machine* Design, comprising the 
first principles of geometric and mechanical drawing, workshop mathematics, mechanics, 
strength of materusls and the calculations and design of machine details. The author’s 
aim has been to adapt this treatise to the requirements of the practical mechanic and young 
draftsman and to present the matter in as clear and concise a manner as possible. To 
meet the demands of this class of students, practically all the important elements of machine 
design have been dealt with, and in addition algebraic formulas have been explained, and 
the elements of trigonometry treated in the manner best suited to the needs of the prac- 
tical man. The book is divided into 20 chapters, and in arranging the material, mechan- 
ical drawing, pure and simple, has been taken up first, as a thorough understanding of the 
principles of representing objects facilitates the further study of mechanical subjects. This 
is followed by the mathematics necessary for the solution of the problems in machine de- 
sign which are presented later, and a practical Introduction to theoretical mechanics and 
the strength of materials. The various elements entering into machine design, such as cams, 
gears, sprocket wheels, cone pulleys, bolts, screws, couplings, clutches, shafting and fly- 
wheels have been treated in such a way as to make possible the use of the work as a text- 
bofik for a continuous course of study. It is easily comprehended and assimilated even by 
6t7ident8 of limited previous training. 330 pages, 215 engravings. Price.* . . . $2*00 

L NEW SKETCHING PAPER. 

A new specially ruled paper to enable you to make sketches or drawings in isometric perspective 
without any figuring or fussing. It is being used for shop details as well as for assembly 
drawings, as it makes one sketch do the work of three, and no workman can help seeing 
what is wanted. Pads of 40 sheets, 6x9 inches, 25 cents. Pads of 40 sheets, 9 x 12 inchef; 
50 cents; sheets, 12x18, Price 91.00 
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SLECTBICITT 


ARITHMETIC OF ELECTRICITY. By Prof. T. O’Cokor Sloanb. 

A practical treatise on electrica' calculations c! all kinds reduced to a series of rules, all of the 
simple.st forms, and involvm*^ ohly ordinary arithmetir; rule illustrated by one or more 
practical problern.s, with detailed soiutioi; of each one. Thb book is classed amorii? the most 
useful works published on the science of electricity coverirj? as it d:>es the rnathemaiics of 
electricity in a manner that will attract the attention ol uLose who arc not familiar with alge- 
braical formulas. 20th Edition. lt»0 pagec. Price *^1,50 


COMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

The business end of any dynamo or motor of the direct current .ype is the comnmtator. This 
book goes into the designing, ouildin,.,, and maintenance, of commutators, shows how to locate 
troubles and how to remedy them ; everyone who fusses with dynamos needs this. S6 cents 

' DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A FIFTY-WATT 
DYNAMO. By Arthur J, Weed, Member of N. Y. Electrical Society. 

A practical treatise showing in detail the cons! ruction of a small dynamo or me tor, the entire 
machine work of which can be done on a small foot lathe. Dimensioned working drawings 
are given for each piece of machine work and each operation is clearly described. Tms 
machine, when used as a dynamo, has an output of fifty watts; when used as a motor it will 
drive a small drill press or lathe. It can be used to drive a sewing maciiine on any and aJI 
ordinary work. The ])ook is illustrated with more than sixty original engravings showing 
the actual construction of the different parts. Among the contents are chapters on 1. Fifty 
Watt Dynamo, 2. Side Bearing Rods. 3. Field Punchings 4. Bearings. 5. Commu- 
tator. 6. Pulley. 7. Brush Holders, 8. Connection Board. 9. Armature Shaft. 10. 
Armature. 11. Armature AVinding. 12. Field Winding. 13. Connecting and Starting. 
Price, paper, 50 cents. Cloth $1.00 


ELECTRIC FURNACES AND THEIR INDUSTRIAL APPLICATIONS. By J. Wright 

This is a book which will prove of interest to many dasse.? of people; the manufacturer who 
desires to know what product can be manufactured successfully in the electric furnace, the 
chemist w’ho wishes to po.st himself on the electro-chemistry, and the student of science who 
merely looks into the subject from curiosity. The book is not so scientific as to be of use 
only to the technologist, nor so unscientific as to suit only the tvro in electro-chemistry; it 
is a practical treatise of what has been done, and of what is being done, both experimentally 
and commercially with the electric furnace. 

In important processes not only are the chemical equations given, but complete thermal data 
are set forth and both the efficiency of the furnace and the cost of the product are worked 
out, thus Ki\'ing the work a solid commercial value aside from its efficacy as a work of reference. 
The practical features of furnace building are given the .space that the subject deserves. The 
forms and refractory materials used in the linings, the arrangement of the connections to the 
electrode.s, and other important details are explained. 28S pages. New Revised Edition. 
Fully illustrated. Price $3.00 

ELECTRIC LIGHTING AND HEATING POCKET BOOK. By Stdnby P. Walkeb. 

I'his book puts in convenient form useful information regarding the apparatus which) likely 
to be attached to the mains of an electrical company. 3'ables of units and equivalents are 
included and useful electrical laws and forpiulas am stated. 

One section is devoted to dynamos, motors, transformers and accessory apparatus; another 
to accinnulators, another to switchboards and related equipment, a fourth to a description 
of various systems of distribution, a fifth station to a discussion of instruments, both for 
portable use* and switchboards; another section deals with electric lamps of, various types 
and acces.sory appliances, and the concluding section is given up to electric heating apparatus. 
In each section a large number of commercial types are described, frequent tables of dimen- 
sions being included. A great deal of detail information of each line of apparatus is given 
and the illustrations showm give a good idea of the general appearance of the apparatus under 
discussion. The book also contains much valuable information for the central station engi- 
neer. 438 pages. 300 engravings. Bound in leather pocket book form. Price . $8.00 

ELECTRIC WIRING, DIAGRAMS AND SWITCHBOARDS. By Newton Harrison. 

A thoroughly practical treatise covering the subject of Electric Wiring in all its branches, 
including explanations and diagrams which are thoroughly explicit and gr^tly stopUfy 
the subject. Practical every-day problems in wiring are presented and the method ox 
obtaining Intelligent results clearly shown. Only arithmetic is used. Ohm’s law is gtven 
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A simple with reference to wiring for direct and alternating currents. The funda 

mental pimlple of drop of potential in circulte is shown with its various applications. The 
simple circuit is developed with the position of mains, feeders and branches; their treat- 
ment as a part of a wiring plan and their emplo 3 naient in house-wiring clearly illustraied 
Some simple facts about testing are included in connection with the wiring. Molding 
and conduit work are given careful eonsid^tion; and switchboards are systematically 
treated, built up and illustrated, showing the purpose they serve, for connection with the 
circuits, and to shunt and compoimd wound machines. The simple principles of switchboard 
construction, the development of the switchboard, the connections of the various instru- 
ments induding the lightning arrester, are also plainly set forth. 

Alternating current wiring is treated, with explanations of the power factor, conditions 
calling for various sizes of wire and a simple way of obtaining the sizes for single-phase, two- 
phase and three-phase circuits. This is the only complete work Issued showing and telling 
' you what you should know about direct and alternating current wiring. It is a ready refer- 
. ence. The work is tree from advanced technicalities and mathematics, arithmetic being used 
throughout. It is in every respect a handy, well- written, instructive, comprehensive 
volume pn wiring for the wlreman, foreman, contractor, or electrician. 272 pages; 105 illus- 
trations. Price $ 1*60 

ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRTC MOTOR CON- 
STRUCTION. By Prof. T. O ’Conor* Sloane. 

This work treats of the making at home of electrical toys, electrical apparatus, motors, dynamos 
and instruments in general, and is designed to bring within the reach of young and old the 
manufacture of genuine and usefui electrical appliances. The work is especially designed for 
amateurs and young folks. 

Thousands of our young people are daily experimenting, and busily engaged in making electrical 
toys and apparatus of various kinds. The present work is just what is wanted to give the 
much needed information in a plain, practical manner, with illustrations to make easy the 
carrying out of the work. 19th Edition. Price $1.00 

ELECTRICIAN»S HANDY BOOK. By Prof. T. O’Conor Sloane. 

This work of 768 pages is intended for the practical electrician who has to make things go. 
The entire field of electricity is covered within its pages. Among some of the subjects treated 
are: The Theory of the Electric Current and Circuit, Electro-Chemistry, Prixnary Batteries. 
Storage Batteries, Generation and Utilization of Electric Powers, Alternating Current, Arma- 
ture Winding, Dynamos and Motors, Motor Generators, Operation of the Central Station 
Switchboards, Safety Appliances, Distribution of Electric Light and Power, Street Mains, 
Transformers, Arc and Incandescent Lighting, Electric Measurements, Photometry, Electric 
Railways, Telephony, Bell-Wiring, Electro-Platmg, Electric Heating, wireless Telegraphy, etc. 
It contains no useless theory; everything is to the point. It teaches you just what you want 
to know about electricity. It is the standard work published on tne subject. Forty-one 
chapters, 610 engravings, handsomely bound in red leather with title and edges in gold. Price; 

$3.60 

ELECTRICITY IN FACTORIES AND WORKSHOPS, ITS COST .AND CONVENIENCE. 
By Arthur P. Haslam. 

A practical book for power producers and power users showing what a convenience the electric 
motor, in its various forms, has become to the modern manufacturer. It also deals with the 
conditions which determine the cost of electric driving, and comnares this with other methods 
of producing and utilizing power. 

Among the chapters contained in the book are: The Direct c:urrent Motor; The Alternating 
Current Motor; The Starting and Speed Regulation of Electric Motors; The Rating and 
Efficiency of Electric Motors; The Cost of Energy as Affected by Conditions of Working, The 
Question for the Small Power User; Indwndent Generating Plants; Oil and Gas Engine 
Plants; Steam Plants: Power Station Tariffs; The Use of Electric Power in Textile Factories; 
Electric Power in Printing Works; The Use of Electric Power in Engineering Workshops 
Miscellaneous Application of Electric Power; The Installation of Electric Motors; The Lighting 
of Industrial Estsmlishments 312 pages. Very fully illustrated. Price .... $3.60 

ELECTRICITY SIMPLIFIED. By Prof. T. O’Conor Sloane. 

The object of ** Electricity Simplified ” is to make the subject as plain as possible and to shbw 
what the modem conception of electricity is; to shdw now two plates of different metals 
immersed in acid can send a message around the globe ; to explain how a bundle of copper wire 
rotated by a steam engine can be the agent in lighting our streets, to tell what the volt, ohm 
and ampere are, and what high and low tension mean; and to answer the questions that 
perpetually arise in the mind in this age of electricity. 172 pages. Illustrated. Price $ 1.00 
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HOUSE WIRING. By Thomas W. Poppe. 

This work destTib^and illustrates the actual ixistallation of ^Electric Light Wiring, the mannw 
In which the work should be done, and the method uf doing it. The book can be convenient^ 
carried id, the p^ket. It is intended for the Electrician, Helper and Apprentice. It 
solves all wiring Problems, and contains nothing that coi^fticts with the rulings of the Nation- 
al Board of Fire underwriters. It gives just the informa ;.ion essential to the Successful 
Wiring of a Building Among the sub j(3Cts treated are: Locating t he- Meter. Panel Boards. 
Switches. Plug Keceptaclcs. Brackets. Ceiling Fixtuies. I’he Meter Connections. The 
Feed Wires. The Steel Armored Cable System. The f'i! xible Steel Conduit System. The 
Eidig Conduit System. A digest of the National Board of Fire Underaritei'S* rules relating 
to metallic wiring systems. Various switching arrangements explained and diagrammeoT 
The easiest method of testing the Three and Four-way circuits explained. The grounding 
of all metallic wiring systems and the reason for doing so Si.own and explained. The In- 
sulation of the metal parts of lamp fixtures and the reason for the same described and 
illustrated. 125 pages. Fully illustrated. Flmdble cloth. Price. . ... 50 cents 


HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O^Conob Sloane. 

Every young man who wishes to become a successful electrician should read this book. It tells 
in simple language the surest and easiest way to become a successful electrician. The studies 
to be followed, methods of work, field of operation and the requirements of the successful 
electrician are pointed out and fully explained. Every young engineer will find this an ex- 
cellent stepping-stone to more advanced works on electricity which he must master before 
success can be attained. Many young men become discouraged at the very outstart by 
attempting to read and study books that are far beyond their comprehension. This book 
serves as the connecting link between the rudiments taught in the public schools and the real 
study of electricity. It is interesting from cover to cover. Fifteenth edition. 202 pages. 
Illustrated. Price 91*00 

^management of dynamos. By Lummis-Patebson. 

A handbook of theory and practice. This work is arranged in three parts. The first part 
covers the elementary theory of the dynamo. The second part, the construction and action 
of the different classes of dynamos in common use are described; while the third part relates 
to such matters as affect the practical management and working of dynamos and motors. 
The following chapters are contained in the book: Electrical Units; Magnetic Principles; 
Theory of the Dynamo; Armature; Armature in Practice; Field Magnets; Field Magnets in 
Practice; Regulating Dynamos; Coimling Dynamos; Installation, Running, and Maintenance 
M Dynamos; Faults in Dynrmos; Faults in Armatures; Motors. 292 pages. 117 illustra- 
tions. Price 91*60 


STANDARD ELECTRICAL DICTIONARY. By T. O^Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the student 
and professional. A practical hand-book of reference containing definitions of about 5,000 
distinct words, terms and phrases. The definitions are terse and concise and include every 
term used in electrical science. Recently issued. An entirely new edition. Should be in the 
possession of all who desire to keep abreast with the progesss of this branch of science. In 
its arrangement and tjTographv the book is very convenient. The word or term defined is 
prints in black-faced type which readily catches the eye. while the body of the pa^je is in 
smaller but distinct ty^. The definitions are well worded, and so as to be understo'>d by 
the non-technical reader. The general plan sooms to be to give an exact, concise definition, 
and then amplify and explain in a more popular way. Synonyms are also ^ven, and refer- 
ences to other words and phrases are made. A very complete and accurate index of fifty 
pages is at the end of the volume; and as this index contains all synonyms, and as all phrases 
are indexed in every reasonable combination of words, reference to the proper place in the 
body of the book is readily made. It is difficult to decide how far a book of tms character 
is to keep the dictionary form, and to what extent it may assume the encyclopedia form. 
For some purposes, concise, exactly worded definitions are needed ; for other purposes, more 
extended descriptions are required. This book seeks 1.0 satisfy both demands, and does it 
with consid^ble success. Complete, concise, and convenient. 682 pages. 393 illustra- 
tions. Twelfth edition. Price $3.00 


SWITCHBOARDS. By William Baxter, Jr. 

This book appeals to every engineer and electrician who wants to know the practical side ot 
things. It ta^es up all sorts and conditions of dynamos, connections and circuits and shows 
by diagram and illustration just how the switchboard should be connected. Includes direct 
and alternating current boards, also those for arc lighting, incandescent, and power circuits. 
Special treatment on high voltage boards for power transmission. 2d Edition. 190 pages. 
Iflustrated. Price $1.50 
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TELi^OnE CONSTRUCTION, INSTALLATION, WIRING, OPERATION AND 
MAINTENANCE. By W. H. IIadclifpe and H. C. Cushing. 

This book gives the principles of construction gnd operation of both the BeU and Independent 
instruments; approved methods of instalJing and wiring them; the means of protecting them 
ft'om lighting and abnormal currents; their a>nnection together for operation as series or 
bridging stations; and rules for their Inspection and maintenance. Line wiring and the wir- 
ing and operation of special telephone systems are also treated. 

Intricate mathematics are avoided, and all apparatus, circuits and systems are thoroughly 
described. The appendix contains definitions of units and terms used in the text. Selected 
wiring tables, which are very helpful, are also included. Among the subjects treated are 
Construction, Operation, and installation of Telephone Instruments, Inspection and Main- 
tenance of Telephone Instruments; Telephone Line Wiring; Testing Telephone Line Wires 
and Cables; Wiring and Operation of Special Telephone Systems, etc. 100 pages, 125 illus- 
tration^. $1.00 

WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. 

Bt Alfred P. Morgan. 

This is undoubtedly one of the most complete and comprehensible treatises on the subject 
ever published, and a close study of its pages will enable one to master all the details of the 
wireless transmission of messages. The author has filled a long felt want and has succeeded 
in furnishing a lucid, comprehensible explanation in simple language of the theory and 
practice of wireless telegraphy and telephony. 

\mong the contents are: Introductory: Wireless Transmission and Reception — The 
Aerial System. Earth C>onneetions — The Transmitting Apparatus, Spark Coils and Trans- 
formers, Condensers, Helixes, Spark Gaps, Anchor Gaps, Aerial Switches — The Receiving 
Apparatus, Detectors, etc.' — Tuning and Coupling. Tuning Coils, Loose Couplers. Variable 
Condensers, Directive Wave Systems — Miscellaneous Apparatus, Telephone Receivers, 
Range of Stations, Static, Interference — Wireless Telephones, Soimd and Sound Waves, The 
Vocal Cords and Ear — Wireless Telephones. How Sounds are changed Into Electric Waves — 
Wireless Telephones, The Apparatus — Summary. 200 pages. 150 engravings. Price $ 1.00 

WIRELESS TELEPHONES AND HOW THEY WORK. By James Erskine-Murray . 

This work is free from elaborate details and aims at giving a clear survey of the way in which 
Wireless Telephones work. It is intended for amateur workers and for those whose knowledge 
of electricity is slight. Chapters contained: How We Hear; Historical; The Conversion of 
Sound into Electric Waves; Wireless Transmis.sion; The Production of Alternating Currents 
of High Frequency; How the Electric Waves are Radiated and Received; The Receiving 
Instruments; Detectors; Achievements and Expectations; Glossary of Technical Words, 
Cloth. Price $1,00 

WIRING A HOUSE, By Herbert Pratt. , 

Shows a house already built; tells just how to start about wiring it; where to begin; whtt 
w're to use; how to run it according to Insurance Rules; in fact just the information you need. 
Directions apply equally to a shop. Fourth edition 26 ceiiiB 


FACTORY MANAGEMENT, ETC, 

^MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND MANAGEMENT. 

By 0, E. Perrigo, M.E. 


The only work published that describes the modern machine shop or manufacturing plant from 
the time the grass is growing on the site intended for it until the finished product Is shipped. 
By a careful study of its thirty-two chapters the practical man may economically build, 
efficiently equip, and successfully manage the modern machine shop or manufacturing estab • 
ishment. Just the book needed by those contemplating the erection of modern shop buildings, 
the re-building and re-organization of old ones, or the introduction of modern shop methods, 
time and cost system. It is a book written and illustrated by a practical shop man for practical 
shop men who are too busy to read tkeorifis and want facta. It is the most complete all around 
book of its kind ever published. It is a practical book for practical men, from the apprentice 
in the shop to the president la the office. It minutely describes and illustrates the moat simple 
and yet the most efficient time and cost system yet devised. Price $6.00 
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COUBUSTIOn OF COAL AND THE PREVEHTIOR OF SMOKE. By Wm. M. Babb. 

This book has been prepared With spocial reference to the generation of heat by the combus- 
tion of the common fuels found in the United Stat€)S, and deals partieidarly mth the condi- 
tions necessary to th(‘ economic and smokeless combustion of bituminous coais in Stationary 
and Locomotive Steam Boilers. 

The presentation of this iraportarit subject is systematic and progressive The arrangement 
of the book is in a series of practical questions to which are appended accurate answ^. 
which describe in language, free from technicalities, the several processes involved in the 
furnace combustion of American fuels ; it clearly states the e sential requisites for perfect 
combustion, and points out thu best methods for furnace construction for obtaitung the great* 
est quantity of heat from any given quality of coal. Nearly 350 nages, fully illustrated. 
Price : $ 1.00 

SMOKE PREVENTION AND FUEL ECONOMY. By Booth and Kershaw. 

A complete treatise for all interested in smoke prevention and combustion, being based on 
the German work of Ernst Sclitnatolia, but it is more than a mere translation of the German 
treatise, much being added. The authors show as briefly as possible the principles of fuel 
combustion, the methods which have been and are at present in use, as well as the proper 
scientific methods for obtaining all the energy in the coal and burning it without smoke. 
Considerable space is also given to tlie examination of the waste gases^ and several of the 
representative English and American mechanical stoker and similar appliances are described. 
The losses carried away in the waste gases are thoroughly analyzed ana discussed in the Ap- 
pendix, and abstracts are also here given of various patents on combustion apparatus. The 
book is complete and contains much of value to ail who have charge of large plants. 194 
pages. Illustrated. Price $$.60 


GAS ENGINES AND GAS 


GASOLINE ENGINES •• THEIR OPERATION, USE AND CARE. By A. Htatt 

Vbrrill. 

The Simplest, I^atest and Most Comprehensive popular work puolished on Gasoline Engines 
describing what the Gasoline engine is; its construction and operation; how to install it; 
how to select it; how to use it and how to remedy troubles encountered. Intended for owners. 
Operators and Users of Gasoline Motors of all kinds. This work fully describes and illus- 
trates the various types of CJasoline engines used in Motor Boats, Motor Vehicles and 
Stationary Work. The parts, accessories and Appliances are described, with chapters on 
ignition, fuel, lubrication, operation and engine troubles. Special attention is given to the 
care, operation and repair of motors with useful hints and suggestions on emergency re- 
pairs and make-shifts. A complete glossary of technical terms and an alphabetically ar- 
ranged tal>le of troubles and their symptoms form most valuable and unique features of this 
manual. Nearly every illustration in the book is original, having been made by the author. 
Every page is full of interest and value. A book which you cannot afford to be without. 320 
pages. Nearly 150 specially made engravings. Price $ 1*60 

GAS, GASOLINE, AND OIL ENGINES. By G.^rdner D. Hiscox. 

Jii.st is.sued, 20th revised and enlarged edition*. Every user of a gas engine needs this book. 
Simple, instructive, and right up-to-date. The only complete work on the subject. Tells 
all about tlie running and management of gas, gasoline and oil engines, as designed and manu- 
factured in the United States. Explosive motors for stationary, marine and vehicle power are 
fully treated, together with illustrations of their parts and tabulated sizes, also their care and 
running are included. Electric ignition by induction coil and jump spark are fully explained 
and illustrated, including valuable information on the testing for economy and power and the 
erection of power plants. 

The rules and regulations of the Board of Fire Underwriters in regard to the installation and 
management of gasoline motors is given in full, suggesting the .safe installation of explosive 
motor power. A list of United States Patents issued on gas, gasoline, and oil engines and their 
adjuncts from 1875 to date is included. 484 pages. 410 engravings Price . . . $$.60 

modern gas engines and producer gas plants. By R. E. Mathot, M.E. 

A guide for the gas engine designer, user, and engineer in the construction, selection, purchase 
installation, operation, and maintenance of gas engines. More than one book on gas engines 
has been written, but not one has thus far even encroached on the field covered by this book. 
Above all }>ir. Mathot's work is a practical guide. Recognizing the need of a volume thftt 
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^ould assist the gas engine user in understanding thoroughly the motor upon which he depends 
for power, the author has discussed his sut^eot without the help of any mathematics and 
without elaborate theoretical explanations. Every part of the gas engine is described in detail, 
tersely, clearly, with a thorough understanding of the requirements of the mechanic. Helpful 
suggestions as to the purchase of an en^rine, its installation, care, and operation form a most 
T aluable feature of the work. 320 pa!:cs. 175 detailed illustrations. Price . . . $2.50 

^AS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE-POWER 
GAS ENGINE. By Pabsell and Weed. 

A practical treatise of 300 pages describing the theory and principles of the action of Gas 
Engines of various types and the design and construction of a half -horse power Gas Engine, with 
illustrations of the work in actual progress, together with the dimensioned working drawings 
giving clearly the sizes of the various details; for the student, the scientific investigator and the 
amateur mechanic. 

Tnis book treats of the subject more from the standpoint of practice than that of theory. The 
principles of operation of Gas Engines are clearly and simply described and then the actua’ 
construction of a half-horse power engine is taken up, step by step, showing in detail the making 
of the Gas Engine. 3d Edition. 300 pagoe. Price $2.50 

THE GASOLINE ENGINE ON THE FARM; ITS OPERATION, REPAIR 
AND USES. By Xeno W. Putnam. 

This is a practical treatise on the Gasoline and Kerosene engine intended for the man who 
wants to know just how to manage his engine and how to apply it to all kinds of farm work 
to the best advantage. 

The book includes selecting the most suitable engine for farm work, its most convenient and 
efficient installation, with chapters on troubles, their remedies and how to avoid them. 
The care and managemept of the farm tractor in plowing, harrowing, harvesting and road 
grading are fully covered; also plain directions are given for handling tne tractor on the road. 
Special attention is given to relieving farm life of its drudgery by applying power to the 
disagreeable small tasks which must otherwise be done by nand. Many homemade con- 
trivances for cutting wood, supplying kitchen, garden and bam with water, loading, hauling 
and unloading hay, delivering grain to the bins or the feed trough are included; also full 
directions for making the engme milk the cows, churn, wash, sweep the house and clean the 
windows, etc. Very fully illustrated with drawings of working parts and cuts showing 
Stationary, Portable and Tractor Engines doing all kinds of farm work. 300 pages. Nearly 
150 engravings, l^mo. Price $1.50 

CHEMISTRY OF GAS MANUFACTURE. By H. M. Roylbs. 

This book covers points likely to arise in the ordinary course of the duties of the engineer or 
manager of a gas works not large enough to necessitate the employment of a separate chemical 
staff. It treats of the testing of the raw materials employed in tne manufacture of illuminat- 
ing coal gas, and of the gas produced. The preparation of standard solutions is given as well 
as the chemical and physical examination or gas coal including among its contents — Prepa- 
rations of Standard Solutions, Coal, Furnaces, Testing and Regulation. Products of Car- 
bonization. Analysis of Crude Coal Gas. Analy.sis of Lime. AmrAonia. Analysis of Oxide 
of Iron. Naphthalene. Analysis of Fire-Bricks and Fire-Clay. Weldom and Spent Oxide. 
Photometry and Gas Testing. Carburetted Water Gas. Metropolis Gas. Miscellaneous 
Extracts. Useful Tables $4.50 

GEARmO AND GAMS 


BEVEL GEAR TABLES. By D. Ao. Enostbom. 

A book that will at once commend itself to mechanics and draftsmen. Does away with all 
the trigonometry and fancy figuring on bevel gears and makes it easy for anyone to lay them 
out or make them just right. There are 36 full-page tables that show every necessary dimen- 
sion for all sizes or combinations you’re apt to need. No puzzling figuring or guessing. 
Gives placing distance, all the angles (including cutting angles), and the correct cutter to use. 
A copy of this prepares you for anything in the bevel gear line. 66 pages. . $1.0& 

CHANGE GEAR DEVICES. By Oscar E. Perriqo. % 

A practical book for every designer, draftsman, and mechanic interested in the invention and 
development of the devices for feed changes on the dflferent machines requiring such mechan- 
ism. All the necessary information on this subject is taken up, analyzed, classified, sifted, 
and concentrated for the use of busy men who nave not the time to go through the masses 
of irrelevant matter with which such a subject is usually encumbered and select such infor- 
mation as wdll be useful to them. 

It shows just what has been done, how it has been done, when it was done, and who did it. 
It saves time in htmting up patent records and re-inventing old ideas. 88 pages. $1*00 
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DRAFTING OF CAMS* By Lours RouiLLtor. 

The laying out of cams is a serious problem nnle.'JS you know how to go at it right. This puts 
you on the right road for practically any kind of you are likely to run up agai^t. 25 cents 

HTDEAULIOS 


HYDRAULIC ENGINEERING. By Gardner D. K;icox. 

A treatise on the properties, power, and resources of water for ail purposes. Tndtuding the 
measurement of streams, the flow of water in pipes or vM)nduit8; the horse-power of fmling 
water; turbine and impact water-wheels, wave motors, centrif igal, reciprocating, and air- 
lift ptunps. With 300 figures and diagrams and 36 practical tables. 

All who are interested In water-works development will f nd this book a useful one, because 
it is an entirely practical treatise upon a subject of present importance, and cannot fail in 
having a far-rcacning influence, and for this reason should have a place in the worldng library 
of every engineer. Among the subjects treated are: Historical — Hydraulics, Properties of 
Water; Measurement of the flow of Streams; Flow from Subsurface orifices and nozzles; 
Plow of water in Pipes; Siphons of various kinds; Dams and Great Storage Reservoirs; 
City and Town Water Supply; Wells and their reenforcement: AL’ lift methods of raising 
water; artesian wells; Irrigation of Arid districts; Water Power, Water Wheels; Pumps and 
Pumping Machinery; Reciprocating Pumps; Hydraulic Power Transmission; Hydraulic 
Mining; Canals; Ditches; Conduits and Pipe Lines; Marine Hydraulics; Tidal and Sea 
Wave power, etc. 320 pages. Price $ 4*00 


ICE AND REFRIGERATION 


POCKET BOOK OF REFRIGERATION AND ICE MAKING. By A. J. Wallis- 
Taylor. 

This is one of the latest and most comprehensive reference books published on the subject of 
refrigeration and cold storage. It explains the properties and refrigerating effect of the different 
iluids in use, the management of refrigerating machinery and the construction and insulation 
of cold rooms with their required pipe surface for different degrees of cold ; freezing mixtures 
and non-freezing brines, temperatures of cold rooms for all kinds of provisions, cold storage 
charges for all classes of goods, ice making and storage of ice, data and memoranda for constant 
reference by refrigerating engineers, with nearly one hundred tables containing valuable 
references to every fact and condition required in the installment and operation of a refrigerat- 
ing plant. Illustrated. (5th Edition, revised.) Price $ 1.50 


INVENTIONS— PATENTS 


INVERTOR’S MANUAL, HOW TO MAKE A PATENT PAY. 

This is a book designed as a guide to inventors in perfecting their inventions, taking oui their 
patents and disposing of them. It is not in any sense a Patent Solicitor’s Circular, r'i>r a 
Patent Broker’s Advertisement. No advertisements of any description appeal* in the work. 
It is a book containing a quarter of a century’s experience of a successful inventor, together 
with notes based upon the experience of many other Inventors. 

Among the subjects treated in this work are: How to Invent. How to Secure a Good 
Patent. Value of Good Invention. How to exhibit an Invention. How to Interest 
Capital. How to Estimate the Value of a Patent. Value of Design Patents. Value of 
Foreign Patents. Value of Small Inventions. Advice on Selling Patents. Advice on the 
Formation of Stock Conmanles. Advice on the Formation of Limited Liability Companies. 
Advice on Disposing of (5ld Patents. Advice as to Pateno Attorneys. Advice as to Selling 
Agents. Forms of Assignments. License and Contracts. State Laws Oonceming Patent 
Rights. 1900 Census of the United States by counties of over 10,000 population. Revised 
edition. 120 pages. Price. $ 1*00 


KNOTS 


knots, splices AND ROPE WORK. By A. Htatt Veebiu,. 

is a practical t>ook sivliig complete and .imple directions for making all the moat use* 
uu and ornamental knots in common use. with chapters on Splicing, Pointing, Seizing, 
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Serying, etc. This book is fully illustrated with one hundred and fifty original engravings 
which show how each knot, tie or splice is formed and its appearance when finished. 
book will be found of the greatest value to Campers, Yachtsmen, Travelers, Boy Scouts 
in fact to anyone having occasion to use or handle rope or knots for any purpose. The book 
is thoroughly reliable and practical and is not only a guide but a teacher. It is the standard 
work on the subject. Among the contents are: 1. Cordage. Kinds of Kopci. Construction 
of Rope, Parts of Rope Cable and Bolt Rope. Strength of Rope, Weight of Rope. 2. Sim- 
ple knots and Bends. Terms used in Handling Rope. Seizing Rope. 3. Ties and Hitches. 
4. Noose. Loops and Mooring Knots. 5. Shortenings, Grommets and Selvages. 6. Lash- 
ing.?. Seizings and Splices. 7. Fancy Knots and Rope Work. 128 pages. 150 original 
engravings. Price 60 cents 


LATHE WOEE 

^ MODERII AMERICAH LATHE PRACTICE. By Osoab E. Perbigo. 

This is a new book from cover to cover, and4;he only complete American work on the subject 
written by a man who knows not only how work ought to be done, but who also know^ 
how to do it, and how to convey this knowledge to others. It is strictly up-to-date in its 
descriptions and illustrations, wliich represent the very latest practice in lathe and boring 
mill operations as well as the construction of and latest developments in the manufacture 
of these important classes of machine tools. 

Lathe history and the relations of the Lathe to manufacturing are given; also a description 
of the various devices for Feeds and Thread Cutting mechanisms from early efforts in this 
direction to the present time. Lathe design is thoroughly discussed, including Back Gearing, 
Driving Cones, Thread Cutting Gears, and all the essential elements of the modem Lathe. 
The classification of Lathes is taken up, giving the essential differences of the several types 
of Lathes, including, as is usually understood. Engine Lathes, Bench Lathes. Speed Lathes. 
Forge Lathes, Gap l.rathes. Pulley Lathes. Forming Lathes. Multiple Spindle Lathes. Rapid 
Reduction Lathes, Precision Lathes, Turret Lathes, Special Lathes. Electncally Dri\ren 
Lathes, etc. 424 pages. 314 iUustrations. Price . . . . ^ . $2.50 

/ PRACTICAL METAL TURNING. By Joseph G. Horner. 

This important and practical subject Is treated in a full and exhaustive manner and nothing 
of importance is omitted. The principles and practice and all the different branches of Turn- 
ing are considered and well illustrated. All the different kinds of Chucks of usual forms, as 
well as some unusual kinds, are shown. A feature of the book is the important section de- 
voted to modern Turret practice; Boring is another subject which is treated fully; and the 
chapter on Tool Holders illustrates a large number of representative type.?. Thread Cutting 
is treated at reasonable length; and the last chapter contains a good deal of information 
relating to the High-Speed Steels and their work. The numerous tools used by machinists 
are illustrated, and also the adjuncts of the lathe. In fact, the entire subject is treated in 
such a thorough manner as to make this book the standard one on ihe subject. It is Indis- 
pensable to the manager, engineer, and machinist as well as to the student, amateur, and 
experimental, man who desires to keep up-to-date. 400 pages, fully ilflistiated. Price $3.50 

TURNING AND BORING TAPERS. By Fred H. Colvin. 

There are two ways to turn tapers; the right way and one other. This treatise has to do with 
the right way; it tells you how to start the work properly, how to set the lathe, what tools to 
use and how to use them, and forty and one other little things that y m should know. Fourtli 
edition 25 cents 


LIQTTTO AIE 

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O'Conob Sloanb. 

This book gives the history of the theory, discovery, and manufacture of Liquid Air, and 
coiiiains an illustrated description of all the experiments that have excited the w’onder of 
audiences all over the country. It shows how liquid air, like water, is carried hundreds of 
miles and is handled in open buckets. It tells what may be expected from it in the rear 
future. 

A book that renders simple one of the most perplexing chemical problems of the century 
Startling developments illustrated by actual experiments. 

It is not only a work of scientific interest and authority, but is intended for the general reader; 
being written in a popular style — easily understood by every one. Second edition. 
pages. Price $ 2 . 0 U 
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LOCOMOnVI! ENGETEERINQ 

AIR-’BRAKB CATECHISM. By Robebt H. BijAceall. 

This book is a standard text bo^. It coveu tlu Westinghoase Air-Brake Equipment, te- 
duding the No. 6 and the No. a E. T Jxjcomoti/e Brake Equipment; the K (Quidc-Service) 
Triple Valve for Freight Service; and the Cios&-Compoii..d Pump. The operation of all oait* 
of the apparatus is explained in detail, and a practical way of finding their peculiaritlesand 
defects, with a proper remedy, is given. It contains 2,000 que^ti^/js with their answers, 
which will enable any railroad man to pass any exami iition on th® subject of Ai’* Brakes. 
Endorsed and used by air-brak<‘ instructors and examis rs on nearly every railixiad in the 
United States. 26th Edition. 360 pages, fully illustraied with folding plates and dia- 
grams. sd.oo 


AMERICAN COMPOUND LOCOMOTIVES. By Fred. H. Colvin. 

The only book on compounds for the engineman or shcoman that shows in a plain, practical’*, 
way the various features of compound locomotives in use. Shows how they are made, what 
to do when they break down or balk. Contains sections as follows; — A Bitmf History. The- 
ory of Compounding Steam Cylinders. Baldwin Two-Cylinder Compound. Pittsburg Two- 
Cylinder Compound. Rhode Island Compound. Richmond Compound. Rogers Compound. 
Schenectady Two-Cylinder Compound. Vauclain Compound. Tandem Compounds. Bald- 
win Tandem. The Colvin- Wightman Tandem. Schenectady Tandem. Balanced Loco- 
motives, Baldwin Balanced Compound. Plans for Balancing. Locating Blows. Break- 
downs. Reducing Valves. Drifting. Valve Motion. Disconnecting. Power of Compound 
Locomotives. Practical Notes. 

Fully illustrated fand containing ten special “Duotone" inserts on heavy Plate Paper, show- 
ing different types of Compounds. 142 pages. Price $1,00 


APPLICATION OF HIGHLY SUPERHEATED STEAM TO LOCOMOTIVES. By 

Robert Garbe, 

A practical book. Contains special chapters on Generation of Highly Superheated Steam; 
Superheated Steam and the Two-Cylinder Simple Engine; Compounding and Superheathig; 
Designs ofj Locomotive Superheaters; Constructive Details of Locomotives using Highly 
Superheated Steam; Experimental and Working Result.s. Illustrated with folding ptotee 
and tables. Price w8.50 


COMBUSTION OF COAL AND THE PREVENTION OP SMOKE. 

By Wm. M. Barr. 

This book haa been prepared with special reference to the generation of heat by the combus* 
tion of the common fuels fmmd in the United States, and deals particularly with the condi- 
tions necessary to the economic and smokeless combustion of bituminous coal in Stationary 
and Locomotive Steam Boilers. 

The presentation of this important subject is systematic and progressive. The arrangement 
of the book is in a series of practical questions to which are appended accurate answers, 
which describe in lan^ago, free from technicalities, the several processes involved in the 
furnace combustion of American fuels; it clearly states the essential requisites for perfect 
combustion, and points out the best methods of furnace construction for obtaining the 
greatest quantity of heat from any given quality of coal. Nearly 350 pages, fully illustrated. 
Price 81.00 


DIARY OF A ROUND HOUSE FOREMAN. By T. S. Reilly . 

This is the greatest book of railroad experiences ever published. Containing a fund of infor- 
mation and suggestions along the line of handling men, organizing, etc., that one cannot afford 
to miss. 176 pages. Price $1.00 


-tlNK MOTIOHS, VALVES AND VALVE SETTING. By Fbbd H. Colvin, Assodate 

Editor of “American Machinist.” 


A handy book for the engineer or machinist that clears up the mysteries of valve setting. 
Shows the different valve gears in use, how they work, and why. Piston and slide valves 
of different types are illustrated and explained. A book that every railroad man in the mo- 
tive power department ought to have. Contains chapters on Locomotive Link Motion. 
Valve Movements, Setting Slide Valves, Analysis by Diagrams, Modem Practice. Slip or 
Block, Slide Valves, Piston Valves, Setting Piston Valves, Joy- Allen Valve G^r, WalsdSiert 
Valve Gear, Gooch Valve Gear, Alfree-Hubbell Valve Gear, etc,, etc. Fully illustrated. 
Price 50 i 
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LOCOMOTIVE BOILER CONSTRUCTION. By Frank A. Klbinhans. 

The construction of boilers in general is treated, and following this, the locomotive boiler 
is taken up in the order in which its various parts go through the shop. Shows all types of 
boilers used : gives details of construction ; practical facts, such as life of riveting, punches 
and dies; work done per day, allowance for bending and hanging sheets, and other data. 
Locomotive boilers present more difficulty in laying out and building than any other type, 
^and for this reason the author uses them as examples. Anyone who can handle them can 
tackle anything. 

CJontains chapters on Laying Out Work; Flanging and Forging; Punching; Shearing; Plate 
Planing; General Tables; Finishing Parts; Bending; Machinery Parts; Riveting; Boiler 
Details; Smoke Box Details; Assembling and Calking; Boiler Shop Machinery, etc., etc. 
There isn’t a man who has anything to do with boiler work, either new or repair work, who 
doesn't need this book. The manufacturer, superintendent, foreman, and boiler worker — 
all need it. No matter what the type of boiler, you’ll find a mint of information that you 
wouldn't be without. Over 400 pages, five large folding plates. Price $3.00 

LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. Fowler. 
Revised by Wm. W. Wood, Air-Brake Instructor. Just issued. Revised pocket 
edition. 

It is out of the question to try and tell you about every subject that is covered In this pocket 
edition of Locomotive Breakdowns. Just imagine all the common trouble.s that an engineer 
may expect to happen some lime, and then add all of the unexpected ones, troubles that could 
occur, but that you had never thought about, and you will find that they are all treated with 
the very best methods of repair. Walschaert Locomotive Valve Gear Troubles, Electric 
Headlight Troubles, as well as Questions and Answers on the Air Brake are all included. 294 
pages. 7th Revised Edition. Fully illustrated $1.00 

LOCOMOTIVE CATECHISM. By Robert Grimshaw. 

The revised edition of “Locomotive Catechism,’’ by Robert Grimshaw, is a New Book from 
Cover to Cover. It contains twice as many pages and double the number of UluBtrations 
of previous editions. Includes the greatest amount of practical information ever published 
on the construction and management of modem locomotives. Specially Prepared Chapters 
on the Walschaert Locomotive Valve Gear, the Air Brake Equipment and the Electric Head 
IJght are given. 

It commends itself at once to every Engineer and Fireman, and to all who are going in tor 
examination or promotion. In plain language, with full complete answers, not only all the 
questions asked by the examining engineer are given, but those which the young and less 
experienced would ask the veteran, and which old hands ask as “stickers.” It is a veritable 
Encyclopedia of the I..ocomotive, is entirely free from mathematics, easily understood and 
thoroughly up-to-date. Contains over 4,000 Examination Questions with their Answers. 
825 pages, 437 illastrations and three folding plates. 28th Revised Edition. . . $2.50 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE 
FIREMEN AND ENGINEERS. By Chas. F. Lockhart. 

An entirely new book on the Locomotive. It appeals to every railroad man, as it tells him 
how things are done and the right wav to do them. Written by a man who has had years 
of practical experience In locomotive shops and on the road firing and running. The infor- 
mation given in this book cannot be found in any other similar treatise. Eight hundred and 
fifty-one questions with their answers are included, which will prove specially helpful to 
those preparing for examination. Practical information on: The Construction and Opera- 
tion of Locomotives. Breakdowns and their Remedies; Air Brakes and Valve Gears. 
Rules and Signals are handled in a thorough manner. As a book of reference it cannot be 
excelled. The book is divided into six parts, as follows: 1. The Fireman's Duties. 2. 
General description of the Locomotive. 3, Breakdowns and their Remedies. 4. Air Brakes. 
5. Extracts from Standard Rules. 6. Questions for examination. The 851 questions have 
been carefully selected and arranged. These cover the examinations required by the different 
railroads. 368 pages. 88 illustrations. Price $1.50 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING. 

By George Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not theories, 
and showing the men in the ranks, from every-day experience, how accidents occur and how 
they may be avoided. The book Is illustrated with seventy original photographs and draw- 
ings showing the safe and unsafe methods of work. No visionary schemes, no ideal pictures. 
Just plain facts and Practical Suggestions are given. Every railroad employee who reads the 
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book is a better and safer man to have in railroaa ser^’ice. It gives Just the informatikiii 
which will be the means of preventing many Injudes and oeatbs. All railroad employm 
should procure a copy, road it. and do your part in preventing accidents. 169 pages. Pocket 
Size. Fully illustratcki. Price 60 cents 


TRAIN RULE EXAMINATIONS M/JDE EASY. By G. E. Collingwood. 

This is the onlj practical woik m train-rales in print. T?very detail Is covered, and puzzling 
points are oxplalntKi In simple, comprehensive language, making it a practical treatise for 
the Train Dispatcher, Enginemaa. I'rainman, and all others wb<> to with the move- 
ments of trains. Cont^iirs complete and reliable Iniojmation of the Standard Code of Train 
Rules for single track. Show.*, Signals in Colors, as u ed on the different roads. Explains 
fully the practical api>Iicatlon of train orders, giving a clear and definite imderstanding oif all 
orders which may be used. The meaning and necessity for certain rules are explained in 
such a manner that the student may know beyond a doubt the rights conferred under any 
orders he may receive or the action required by certain nuas. 

As nearly all roads require trainmen to pass regular examinations, a complete set of examina- 
tion questions, with their answers, an^ included. These will enable the student to pass the 
required examinations with credit to himself and the road for which he works. 256 ^ges. 
Fully Illustrated with Train Signals in colors. Price $1«86 

TRAIN RULES AND DESPATCHING. By H. A. Dalby. 

Every railroad man, no matter what department he’s in, needs a copy of this book. It give^ 
the standard rules for both single and double track, shows all the signals, with colors wher- 
ever necessary, and ha.s a list of towns w’here time changes, with a map showing the whole 
country. The rules arc <!xplained wherever there is any doubt about their meaning or where 
they are modified by different railroads. It s the only practical book on train rules in print. 
Over 220 pages. Leather cover. Price $1.50 

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR 
LOCOMOTIVES. By Wm. W. Wood. 

If you would thoroughly understand the Walschacrt Valve Gear you should possess a copy 
of this book, as the author takes the plainest form of a steam engine — a stationary en^ne in 
the rough, that will only turn its crank in one direction — and from it builds up — with the 
reader’s hclp—a modern locomotive equipped with the Walschaert Valve Gear, complete. 
The points discussed arc clearly illustrated ; two largo folding plates that show the positions 
of the valves of both iii.side or outside admission type, as well as the links and other parts of 
the gear when the crank is at nine different points in its revolution, arc especially valuable 
in making the movement clear. These employ sliding cardboard models which are contained 
in a pocket in the cover. 

The book is divided into five general divisions, as follows: I. Analysis of the gear. II. De- 
signing and erecting the gear. III. Advantages of the gear. IV. Questions and answers 
relating to the Walschacrt Valve Goar. V. Setting valves with the Walschaert Valve Gear; 
the three primary types of locomotive valve motion ; modern radial valve gears other than 
the Walschaert; the Hobart All-free valve and valve gear, with questions and answers on 
breakdowns; the Baker-Pilliod valve gear; the Improved Baker-Pilliod Valve Gear, with 
questions and answers on breakdowns. 

The questions with full answers given will be especially valuable to firemen and engineers 
in preparing for an examination for promotion. 245 pages. Third Revised Edition. 
F'rice $ 1-50 

WESTINGHOUSE E— T AIR-BRAKE INSTRUCTION POCKET BOOK. By Wm. 

W. Wood, Air-Brake Instructor. 

Here is a book for the railroad man, and the man who aims to be one. It is without doubt 
the only complete work published on the Westinghouse E-T Locomotive Brake Equipment. 
Written by an Air Brake Instructor who knows just what is needed. It covers the subject 


one to trace the fiow of prtissures tliroughout the entire equipment. The 6est book eve* 
published on the Air Brake. Equally good for the beginner and the advanced enginee.. 
Will pass any one through any examination. It informs and enlightens you on every point 
Indispensable to every enginernan and trainman. 

Contains examination (luestions and answers on the E-T equipment. Covering what the 
E-T Brake is. How it should be operated. What to do when defective. Not a question can 
be asked of the enginernan up for promotion on either the No. 5 or the No. 6 E-T equipment 
that is not asked and answered in the book. If you want to thoroughly understand the E-l 
equipment get a copy of this book. It covers every detail. Makes Ah Brake troubles and 
examinations easy. Price « . • $1«6C 
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MACHINE SHOP PRACTICE 


AMERICAN TOOL MAKING AND INTERCHANGEABLE MANUFACTURING. By 

J. V. Woodworth. 

A ** shoppy** book.containlngnotheorizinK.no problematical or experimental devices, there 
Are no badly proportioned and Impossible diagrams, no catalogue cuts, but a valuable collec- 
tion of drawings and descriptions of devices, the rich fruits of the author’s own experience. 
In its 500-odd pages the one subject only. Tool Making, and whatever relates thereto, is 
dealt with. The work stands without a rival. It is a complete practical treatise on the 
art of American Tool Making and system of interchangeable manufacturing as carried on 
to-day in the United States. In it are described and illustrated all of the different types 
and aasses of small tools, fixtures, devices, and special appliances which are in general use 
in all machine manufacturing and metal working establishments whore economy, capacity, 
and interchangeability in the production of machined metal parts are imperative. The 
science of making is exhaustively discussed, and particiilar attention is paid to drill Jigs, 
boring, profiling and milling fixtures and other devices in which the parts to be machined 
are located and fastened within the contrivances. All of the tools, fixtures, and devices 
illustrated and described have been or are used for the actual production of work, such as 
parts of drill presses, lathes, patented machiifery, typewriters, electrical apparatus, mechan- 
ical appliances, brass goods, composition parts, momd products, sheet metal articles, drop 
forgings, jewelry, watches, medals, coins, etc. 531 pages. Price $4.O0 

HENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND ALLIED 
TRADES. Edited by Joseph G. Horner, M.E. 

This set of five volumes contains about 2,500 pages with thousands of illustrations, including 
diagrammatic and sectional drawings with full explanatory details. This work covers the 
entire practice of Civil and Mechanical Engineering. The best known expert in all branches 
of engineering have contributed to these volumes. The Cyclopedia is admirably well adapted 
to the needs of the beginner and the self-taught practical man. as well as the mechanical en- 
gineer, designer, drahsman, shop superintendent, foreman, and machinist. The work wili be 
found a means of advancement to any progressive man. It is encyclopedic in scope, thorough 
and practical m its treatment of technical subjects, simple and clear in its descriptive matter, 
and without unnecessary technicalities or formulae. The articles are as brief as may be and 

S et give a reasonably clear and explicit statement of the subject, and are written by men who 
ave had ample practical experience in the matters of which they write. It tells you all you 
want to know about engineering and tells it so simply, so clearly, so concisely, that one cannot 
help but understand. As a work of reference it is without a peer. $6.00 per volume. For 
complete set of five volumes, price $26.00 

MACHINE SHOP ARITHMETIC. By Colvin-Chenby. 

This is an arithmetic of the things you have to do with dailv. It tells you plainly about: how 
to find areas of figures; how to find surface or volume of balls or spheres; handy ways for 
calculating; about compound gearing; cutting screw threads on any lathe; drilling for taps; 
speeds of drills, taps, emery wheels, grindstones, milling cutters, etc.: all about the Metric 
system with conversion tables; properties of metals; strength of bolts and nuts; decimal 
equivalent of an inch. All sorts of machine shop figuring and 1,001 other things, any one of 
vmich ought to be worth more than the price of this book to you, and it saves you the trouble 
of bothering the boss. 6th Edition. 131 pages. Price 60 cents 

MODERN MACHINE SHOP CONSTRUCTION, EQUIPMENT AND MANAGEMENT. 

By Oscar E. Perrigo. 

The only work published that describes the Modern Machine Shop or Manufacturing Plant from 
the time the grass is growing on the site intended for it until the finished product is shipped. 
Just the book needed by those contemplating the erection of modern shop buildings, the re- 
building and reorganization of old ones, or the introduction of Modern Shop Methods, time and 
cost systems. It a book written and illustrated by a practical shop man for practical shop 
men who are too busy to read, theories and want facts. It is the most complete all-around 
book of its kind ever published. 400 large quarto pages. 225 original and specially-made 
illustrations. Price $6.00 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVELTIES 
OF CONSTRUCTION. By Gardner D. Hiscox. . 

This is a supplementary volume to the one upon mechanical movements. Unlike the first 
volume, whicn is more elementary in character, this volume contains illustrations and descrip 
tions of many combinations of motions and of mechanical devices and appliances found ui 
different lines of machinery. Each device being shown bv a line drawing with a descriptiofl 
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showing its working parts and method of operation. From the multitude of devices do* 
scribed, and illustrated, might be mentioned, in passing, such items as conveyors and elevaton, 
Prony brakes, thermometers,! various types of boilers, solar engines, oil>^iel burners, condensers, 
evaporators, Corliss and other valve gears, governorr. gas engines, water motors of variont 
descriptions, air ships, motors and dynamoi,. automobile and motor bicycles, railway blOdc 
signals, car couplers, link and gear motions, ball bearings, breech block mechanism for heavy 
guns, and a larg<^' accumulation of others of equal importance. 1,000 apeciatly made engrav* 
ings. 396 octavo pages. Price . $2.50 

BiECH ANIC AL MOVEMENTS, POWERS, AND DEVICES. By Gakdkeb 1), Hiscox. 

This is a collection of 1,890 engravmgs of different mechanical motions and appliances, acemn* 
panied by appropriate text, making it a book of great value to the inventor, the draftsman, 
and to all readers with mechanical tastes. The book is divided into eighteen sections or 
chapters in which the subject matter is classified under the following heads: Mechanical Powers; 
Transmission of Power; Measuremt nt of Power, Steam Power; Air Power Appliances; Electric 
Power and ("onstruction, Navigation and Roads; Gecnng; Motion and Devices; Controlling 
Motion; Horological; Mining; Mil* and Factory Appliances; Construction and Devices; 
Drafting Devices: Miscellaneous Devices, etc. 12th edition. 400 octavo pages. Price $2. 5r 

'^MACHINE SHOP TOOLS AND SHOP PRACTICE. By W. H. Vakdeuvoobt. 

A work of 555 pages and 673 illustrations, describing in every detaU the construction, operation, 
and manipulation of both hand and machine tools. Includes chapters on filing, fitting, and 
scraping surfaces; on drills, reamers, taps, and dies; the lathe and its tools; planers, shapers, 
and th(‘ir tools; milling machines and cutters; gear cutters and gear cutting; drilling machines 
and drill work; grinding machines and their work; hardening and tempering; gearing, bating 
and transmission machinery : u.seful data and tables. 6th edition. Pnee . • * « $8.00 

THE MODERN MACHINIST. By John T. Usher. 

This is a book showing, by plain description and by profuse engravings, made expressly for 
the work, all that is best, most advanced, and of the highest efficiency in modem machine 
shop practice, tools, and implements, showing the way by which and through which, as Mr. 
Maxim says, “American machinists have become and are the finest mechanics m the world.*’ 
Indicating as it does, in every line, the familiarity of the author with every detail of dally 
experience in the shop, it cannot fall to be of service to any man oractically connected with 

the shaping or finishing of metals. . ^ , 

There is; nothing experimental or visionary about the book, all devices being in actual use 
and ^ving good results. It might be called a compendium of shop methods, showing a vari- 
ety of special tools and appliances which will give new ideas to many mechanics, from the 
superintendent down to the man at the bench. It will be found a valuable addition to any 
machinist’s library, and should be consulted whenever a new or difficult job is to be done, 
whether it is boring, milling, turning, or planing, as they are all treated in a practical manner. 
Fifth Edition. 320 pages. 250 illustrations. Price ... $8.50 

MODERN MILLING MACHINES; THEIR DESIGN, CONSTRUCTION AND OPERA- 
TION. By Joseph G. Horner, 

This book describes and illustrates the Milling Machine and its work in such a plain, clear, 
and forceful manner, and illustrates the subject so clearly and completely, that the up-to-date 
machinist, student, or mechanical engineer cannot afford to do without the valuable infor- 
mation which it coiiiains. It describes not only the early machines of this class, out notes 
their gradual development into the splendid machines of the present day, giving ibo design 
and construction of the various types, forms, and special features product by promin^t 
manufacturers, Amcric.an and foreign. .... . . . , ^ . 

Milling cutters in all their development and modernized forms are illustrated and described, 
and the operations they are capable of producing upon different classes of work are carefully 
described in detail, and the speeds and feeds necessary are discussed, and valuable and useful 
data given for de^nnining these usually perplexing problems. The book is the most compre- 
hensive work published on the subject. 304 pages. 300 illustrations. Price . . $4.00 

“SHOP KINKS.” By Robert Grimshaw. 

A book of 400 pages and 222 illustrations, being entirely different froth any other book on 
machine shop practice. Departing from conventional style, the author avoids universal or 
common shop usage and limits his work to showing special ways of doing things better, moio 
cheaply and more rapidly than usual. As a result tne advanced methods of repres^tative 
establishments of the world are placed at the disposal of the reader. This book shows the 
proprietor where large savings are possible, and now products may be improved. To the 
employee it holds out suggestions that, properly applied, will hasten his advancement. No 
shop can afford to be without it. It bristles with valuable wrinkles and helpful suggestions. 
It will benefit all, from apprentice to proprietor. Every machinist, at any age, should study 
its pages. Fifth Edition. Price . $2.^ 
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THREADS AND THREAD CUTTING. By Colvin and Stabel. 

This clears up many of the mysteries of thread-cutting, such as double and triple threads, 
internal tlm.ads, catching threads, use of hobs, etc. Contains a lot of useful hints and several 
tables. 3rd Edition. Price 36 cents 

TOOLS FOR MACHINISTS AND WOOD WORKERS, INCLUDING INSTRUMENTS 
OF MEASUREMENT. By Joseph G. Horner. 

The principles upon which cutting tools for wood, niclal, and other substances arc< made are 
identical, whether used by the machinist, the carpenter, or by any otlier skilled mechanic in 
their daily work, and the object of this book is to give a correct and practical description of 
these tools as they are commonly designed, constructed, and used. 340 j>agcs, fully illu.straterl. 
Price $3.60 


MANUAL TRAINING 


ECONOMICS OF MANUAL TRAINING. By Louis Rouiulion. 

The only book published that gives just the hiforination needed by all interested in Manual 
Training, regarding Huildings, Equipment, and Supplies. Shows e.Kaotly what is needed for 
all grades of the work from the Kindergarten to the High and Normal School. Gives item- 
ized lists of everything used in Manual Training Work and tells just what it ought to cost. 
Also shows where to buy supplies, etc. Contains 174 pages, and is fully illustrated. 
2nd Edition. Price $1.60 


MARINE ENGINEERING 


MARINE ENGINES AND BOILERS, THEIR DESIGN AND CONSTRUCTION. By 
Db. G. Baubb, Lbslib S. Robebtson, and S. Bhvan Donkin. 


in the word.s of Dr. Bauer, the present work owes its origin to an oft felt want of a (’ondensetl 
Treatise, embodying the Theoretical and Practical Rules used in Designing Marine Engines 
and Boilers. The need for such a work has been felt l>y most engim‘ers engaged in tliu con- 
struction and working of Marine Engines, not only by the younger men, but also by those of 
greater experience. The fact that the original German work was written by the chief engineer 
of the famous Vulcan Works, ytettin, is in itself a guarantee that this book Is in all respects 
thoroughly up-to-date, and that it embodies all the information which is necessary for tlx 
design and construction of the highest types of marine engines and boilers. It may be said, 
that the motive power which Dr. Bauer has placed in the fast German liners that have been 
turned out of late years from the Stettin Work.^, represent the very best practice in marine 
engineering of the present day. 

This work is clearlj^ written, thoroughly systematic, theoretically sound; while the character 
of its plans, drawings, tables, and statistics is without reproach. I'he illusl rations are care- 
ful reproductions from actual working drawings, with some well-t*xecuted photographic views 
of completed engines and boilers. 744 pages. 650 illustrations ami inumerous tables. 

* $9.00 net 


MODERN SUBMARINE CHART. 


A cross-section view, showing clearly and distinctly all the interior of a Submarine of the 
latest type. You get more information from this chart, about the construction and operation 
of a Submarine, than in any other way. No Details omitted — everything is accurate and to 
scale. It Is absolutely correct In every detail, having betm aiiproved by Naval Engineers. 
AH the machinery and devices fitted in a modern Submarine Boat are shown and to make the 
engraving more readily understood all the features are shown in operative form with Officers 
and Men in the act of performing the duties assigned to them in service conditions. This 
CHART IS REALLY AN ENCYCLOPEDIA OF A SUBMARINE. It is educational 
and worth many times its cost. Mailed in a Tube for 26 cents 


MINING 

ORE DEPOSITS, WITH A CHAPTER ON HINTS TO PROSPECTORS*. By J. V. 

Johnson 

This book gives a condensed account of the ore-deposits at present known in South Africa. 
It is also intended as a guide to the prospector. Only an elementary knowledge of geology 
and some mining experience are necessary in order to understand this work. With these 
qualificatioiis, it will materially assist one in his search for metalliferous mineral occurrences 
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and, so far as simple ores are ccmcerned, should enable one to form some idea of the oossl- 
bilities of any ho may ftnd. 

Among the chapters given are: Titaniferous and Chroiniferous Iron Oxides — Nickel — CJop- 
per — Cobalt — Tin — Molybdenum- -Tungsten — Le.. ^ — Mercury- -Antimony — Iron — Hints to 
Prospectors $13,00 

PHYSICS AND CHEMISTRY OF MINING. By 1 . H. Byrom. 

A practical work for the use of all preparing for examinations Jo -lining or qualifjing for 
colliery managers certificates. The aim of the author i.i this excellent book is to place clearly 
before the reader useful and authoritative data which v ’ll render him valuable assistance in 
ids studies. The only work oi its kind published. The information incorporated in it will 
prove of the greatest practical utility to students, mining engineers, colliery managers, and 
all others who are specially interested in the present-day treatment of mining problems. 
Among its contents are chapters on; The Atmosphere; La. /s Relating to the Bena/ior of 
Ca.ses; The Diffusion of Gases; Cc’nposhion of the Atmosphere: Sundry Con.stituents of the 
Atmosphere; Water; Carbon: Fire-Damp; CombusHon; Coal Dust and Its Action; Ex- 
plo.sives; Composition of Various Coals and Fuels; Methods of Analysis of Coal; Strata Ad- 
joining the Coal Measures; Magnetism and Electricity; Appendix; Useful Tables, etc ; 
Miscellaneous Questions. 160 pages. Illustrated $ 2.00 

PRACTICAL COAL MINING. By T. H. Cockin. 

An important work, containing 428 pages and 213 illustrations, complete with practical de- 
tails, which will intuitively impart to the reader, not only a general Imowledge of the princi- 
ples of coal mining, but also considerable insight into allied subjects. This treatise is posi- 
tively up to date in every instance, and should be in the hands of every colliery engineer, 
geologist, mine operator, superintendent, foreman, and all others who are interested in or 
connected with the industry. 2nd Edition $ 2,60 

PATTERN MAKING 


PRACTICAL PATTERN MAKING. By F. W. Barbows. 

This is a very complete and entirely practical treatise on the subject of pattern making, illus- 
trating pattern work in wood and metal. Prom its pages you are taught just what you should 
know about pattern making. It contains a detailed description of the materials used by 
pattern makers, also the tools, both those for hand use, and the more interesting machine 
tools; having complete chapters on the band saw. The Buzz Saw, and the Lathe. Individual 
patterns of many different kinds are fully illustrated and described, and the moimting of 
metal patterns on plates for molding machines is included. 

Rules, Formulas and Tables are included, containing simple and original methods for finding 
the weight of castings, both from the pattern itself and from the drawings. This section 
contains some new and practical formulas, which will bo found very useful in estimating 
weights, with tiie accuracy required for quotations to prospective customers. All of these 
rules are simple, and can be put to practical use by the ordinary, every-day man, and they 
have been proved by years of actual use. 

Plain rules for keeping down tho cost of patterns, with a complete system for checking the 
cost of and marking tho patterns, and a card record showing what the pattern is, material 
used, where located in safe, with its cost and date of production, is included. The hook closes 
with an original and practical method for the inventory and valuation of patterns. Con- 
taining 326 pages and 150 detailed illustrations. Price $ 2*00 


PERFUMERY 

HENLEY’S TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND PRO- 
CESSES. Edited by G. D. Hiscox. 

The most valuable Techno-chemical Receipt Book published. Contains over 10,000 practical 
receipts, many of which will prove of special value to the perfumer, a mine of information, up- 
to-date in every respect. Price, Cloth, $8.00; half morocco $ 4.00 

PERFUMES AND THEIR PREPARATION. By G. W. Askinson, Perfumer. 

A comprehensive treatise, in wdiich there has been nothing omitted that could be of value 
to the Perfumer. Cornplete directions for making handkerchief perfumes, smelling-salts, 
sachets, fumigating pastilles: preparations for the care of the skin, the mouth, the hair, cos- 
metics, hair dyes and other toilet articles are given, also a detailed description of aromatic 
suDstances: their nature, tests of purity, and wholesale manufacture. A book of general, 
as well as professional interest, meeting the wants not only of the druggist and perfume man- 
ufacturer, but also of the general public. Third edition. 312 pages. Illustrate. . $8«00 
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PLPMBDTG 

MECHAmCAL DRAWING FOR PLUMBERS. By R. M. Stakbuck. 

A oondse, comprrtj«islve and practical treatise on the subject of mechanical drawing in Ita 
various modem applications to the work of all who are in imy way connect^ with the 
plumbing trade. 5iothlng will so help the plumber in estimating and in explaining work to 
customers and workmen as a knowledge of drawing, and to the workman it is of inestimablo 
value If he is to rise above his position to positions of greau>r responsibility. Among the 
<^apters contained are: 1. Value to plumber of knowledge of drawing: tools required 
and their use; common views needed In mechanical drawing. 2. Perspective versus mechan* 
iOEtl drawing in showing plumbing construction. 3. Correct and incorrect methods in 
plumbing drawing; plan and elevation explained. 3. Floor and cellar plans and elevation: 
scale drawings; use of triangles. 5. Use of triangk's: drawing of fittings, traps, etc. 6. 
Drawing plumbing elevations and fittings. 7. Instructions in drawing plumbing elevations, 
8. The drawing of plumbing fixtures; scale drawings. 9. Drawing of flxturt« and fittings. 
10. Inking of drawings. 11. Shading of drawings. 12. Shading of drawings. 13. Sec- 
tional drawings; drawing of threads. 14. Plumbing elevations from architect’s plan. 
16. Elevations of separate parts of the plumbing system. Ki. Klevatioii.s from architect’*: 
plans. 17. Drawling of detail plumbing connections, is. Architect’s plans and plumbing 
elevations of residence. 19. Plumbing elevations of residence (continued) : plumbing plans 
for cottage. 20. Plumbing elevations: roof connections. 21. Plans and plumbing eleva- 
tions for six-flat building. 22. Drawing of various parts of the plumbing system; use of 
scalers. 23. Use of architect’s scales. 24. Special features in the illustrations of country 
plumbing. 25. Drawing of wrought iron piping, valves, radiators, coils, etc. 26. Drawing 
of piping to illustrate heating systems. 150 iUustrations. Price . $1.60 

MODERN PLUMBING ILLUSTRATED. By R. M. Staiuiuck. 

This book represents the highest standard of plumbing work. It has been adopted and used 
as a reference book by the I’niled Stales (Jovemment, in its sanitary work in Cuba. Porto 
Rico, and the Philippines, and by the principal Boards of Health of the United States and 
Canada. 

It gives connections, sizes and working data for all fixtures and groups of fixtures. It is 
helpful to the master plumber in demonstrating to his customers and in figuring work. It 

f ives the mechanic and student quick and easy access to the best modern plumbing practice. 

uggestions for estimating plumbing construction are contained in its pages. This book 
represents, in a word, the latest and best up-to-date practice, and should be in the hands of 
every architect, sanitary engineer and plumber who wishes to keep himself up to the minute 
on this Important feature of construction. Contains following chapters, each illustrated 
with a full-page plate: Kitchen sink, laundry tubs, vegetable wash sink; lavatories, 
pantry sinks, contents of marble slabs; bath tub, foot and sitz bath, shower bath; water 
closets, venting of water closets; low-down water closets, water closets operated by flush 
valves, water closet range; slop sink, urinals, the bidet; hotel and restaurant sink, grease 
trap; refrigerators, safe wastes, laundry waste; lines of refrigerators, bar sinks, soda foun- 
tain sinks; horse stall, frost-proof water closets; connections for S traps, venting; con- 
nections for drum traps; soli pipe connix:tions; supporting of soil pipe; main trap and 
fresh air inlet; floor drains and cellar drains, subsoil drainage; w'ater closets and floor 
connections; local venting; connections for bath rooms; connections for bath rooms, con- 
tinued; connections for bath rooms, continued; connections for bath rooms. cx:>ntinued; 
examples of poor practice; roughing-work rcadj’’ for U*.st; testing of plumbing system; 
method of continuous venting; continuous venting for two-floor work; continuous venting 
for two lines of fixtures on three or more floors; continuous venting of water closets; plumb- 
ing for cottage house; construction for cellar piping; plumbing for residence, use of special 
fittings; plumbing for two-flat house; plumbing for apartment building; plumbing for 
double apartment building; plumbing for office building; plumbing for public toilet rooms: 
plumbing for public toilet rooms, continued; plumbing for bath establishment: plumbing 
for engine house, factory plumbing; automatic flushing for schools, factories, etc.; use of 
flushing valves; urinals for public toilet rooms; the Durham system, the destruction of 
pipes by electrolysis; constniction of work without use of lead; Automatic sewage lift, 
automatic sump tank: country plumbing; construction of cesspools; septic tank and auto- 
matic sewage siphon; country plumbing; water supply for country nouse; thawing of 
water mains and service by electricity; double boilers; hot water supply of large build- 
ings; automatic control of hot water tank; suggestions for estimating plumbing construc- 
tion. 400 octavo pages, fully illustrated by 55 full-page engravings. Price . $4.00 

STANDARD PRACTICAL PLUMBING. By R. M. Starbuck. 

A complete practical treatise of 450 pages covering the subject of Modern Plumbing 
In all its branches, a large amoimt of space being devoted to a very complete and practical 
treatment of the subject of Hot Water Supply and Circulation and Range Boiler Work. 
Its thirty chapters include about every phase of the subject one can think of, making it 
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m Indispensable work to the master plumber, the journeyman plumber, and the apprentloe 
plumber, containing chapters on: the plumber's tools; wiping solder, composition and use; 
joint wiping; lead work; traps; siphonage of traps; venting; continuous venting; house 
sewer and sewer connections; house drain; soil piping, roughing; main trap and fresh air 
inlet; floor, yard, collar drains, rain loaders, etc.; fixture wastes; water closets; ventilation; 
improvi^ plumbing connections; n^sidcnce plumbing; plumbing for hotels, schools, fac- 
toncs, stables, ct<c.; modern country plumbing; filtration of sewage and water supply; 
hot and cold supply ; range boilers; circulation: circulating pipes; range boiler problems; 
hot water for large buildings ; water lift and its use; multiple connections for hot water 
boilers; heating of radiation by supply system; theory for the plumber; drawing for the 
plumber. Fully illustrated by 347 engravings. Price . . 98 00 


RECEIPT BOOK 


HENLEY'S TWENTIETH CENTURY BOOK OF RECEIPTS, FORMULAS AND PRO- 
CESSES. Edited by Gardner D. Hiscox. 

The most valuable Techno-chemical Receipt Book published, including over 10,000 selected 
scientific, chemical, technological, and practical receipts and processes. 

This is the most complete Book of Receipts ever published, giving thousands of receipts for 
the manufacturer of valuable articles for everyday use. Hints, Helps, Practical Ideas, and 
Secret Processes are revealed within its pages. It covers every branch of the useful arts and 
tells thousands of ways of making money and is just the book everyone should have at hit 
command. 

Modern in its treatment of every subject that properly falls within Its scope, the book may 
truthfully be said to present the very latest formulas to be found in the arts and industries 
and to retain those processes which long experience has proven worthy of a permanent record. 
To present, hero even a limited number of the subjects which find a place in this valuable 
work would be difficult. Suffice to say that in its pages will be found matter of intense in- 
terest and immeasurable practical value to the scientific amateur and to him who wishes to 
obtain a knowledge of the many processas used in the arts, trades and manufactures, a 
knowledge which will render his pursuits more instructive and remunerative. Serving as a 
reference book to the small and large manufacturer and suppplying Intelligent seekers with 
the information necessary to conduct a process, the work will be found of Inestimable worth 
to tlie Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacturer of 
Glues. Pastes, Cements, and Mucilages, the Compounder of Alloys, the Cook, the Physician, 
the Druggist, the Electrician, the Brewer, the Engineer, the Potmdryman, the Machinist, 
the Potter, the Tanner, the Confectioner, the Chiropodist, the Manicure, the Manufacturer 
of Chemical Novelties and Toilet Preparations, the Dyer, the Electroplater, the Enameler, 
the Engraver, the Provlsioner, the Glass 'Vorker, the Goldbeater, the Watchmaker, the Jew- 
eler the Hat Maker, the Ink ManufacUirer, the Optician, the Farmer, the Dairyman, the 
Paper Maker, the Wood and Metal Worker, the Cliandler and Soap Maker, the Veterinary 
Surgeon, and the Technologist in general. 

A mine of information, and up-to-date in every respect. A book which will prove of vahm 
to EVERYONE, as it covers every branch of the Useful Arts. 800 pages. Pneb 88.00 

WHAT IS SAID OF THIS BOOK: 


" Your Twentieth Century Book of Receipts, Formulas and Processes duly received. I am 
glad to have a copy of it, and if I could not replace it money couldn’t buy it. It is the best 
thing of the sort 1 ever saw.” (Signed) M. E. Trux, 

Soarta; Wis. 

* There are few persons who would not be able to find in the book some single formula tiiat 
would repay several times the cost of the book.” — Merchant's Record and Show Window, 


RUBBER 

RUBBER HAND STAMPS AND THE MANIPULATION OF INDIA RUBBER. By 

T. O^CONOR Sloane. 

This book gives full details on all points, treating in a concise and simple manner the elements 
of nearly everything it is necessary to understand for a commencement in any branch of the 
India Rubber Manufacture. The making of all kinds of Rubber Hand Stamps, Small Articles 
of India Rubber, U. S. Government Composition, Dating Hand Stamps, the Manipulation 
of Sheet Rubber, Toy Balloons, India Rubber Solutions, Cements, Blackings, Renovating 
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Varnish, and Treatment for India Ilunber Shoes, etc.; the Hektograph Stamp Inks, and 
Miscehaneous Notes, with a Short Account of the Discovery, Collection, and Manufacture of 
India Kubber are set forth in a manner designed to be readily understood, the explanations 
being plain and simple. Including a chapter on Rubber Tire Making and Vulcanizing; also a 
chapter on the uses of rubber in Surgery and Dentistry. Third revised and enlarged edition 
175 pages. Illustrated $1.00 


SAWS 


SAW FILINGS AND MANAGEMENT OF SAWS. By Robbbt Gbimshaw. 

\ practical hand book on filing, gumming, swaging, hammering, and the brazing of band saws, 
the speed, work, and power to run circular saws, etc. A handy book for those who have charge 
of saws, or for those mechanics who do their owm filing, as it deals with the proper shape, and 
pitches of saw teeth of all kinds and gives many useful hints and rules for gumming, retting, 
and filing, and is a practical aid to those who use saws for any purpose. New edition, revised 
and enlarged. Illustrated. Price . . . $1.00 


STEAM ENGINEERING 


AMERICAN STATIONARY ENGINEERING. By W. E. Crane. 

This book begins at the boiler room and takes in the wmole power plant. A plain talk on 
every-day work about engines, boilers, and their accessories. It is not intended to be scien- 
tific or mathematical. All formulas are in simple form so that any one understanding plain 
arithmetic can readily understand any of them. The author has made this the most prac- 
tical book in print; has given the results of his years of experience, and has included about 
til that has to do with an engine room or a power plant. You are not left to guess at a single 
mint. You are shown clearly what to expect imder the various conditions; how to secure 
the best results; ways of pre\ienting “shut downs” and repairs; in short, all that goes to 
make up the requirements of a good engineer, capable of taking charge of a plant. It^ plain 
enough for practical men and yet of value to those high in the profession. 

A partial list of contents is: The boiler room, cleaning boilers, firing, feeding; pumps; 
nspection and repair; chimneys, .sizes and cost; piping; mason work; foimdations; testing 
jement; pile driving; engines, slow and high speed ; valves; valve setting ; Corliss engines, 
setting valves, single and double eccentric; air pumps and condensers; different types of 
condensers; water needed; lining up; pounds; pins not square in crosshead or crank; 
engineers’ tools; pistons and piston rings ; bearing metal ; hardened copper ; drip pipes from 
cylinder jackets; belts, how made, care of; oils; greases; testing fuDri cants; rules and 
tables, including steam tables; areas of segments; squaras and square root; cubes and cube 
root; areas and circumferences of circles. Notes on; Brick work; explosions; pumps; 
pump valves; heaters, economizers; safety valves; lap, lead, and clearance. Has a complete 
examination for a license, etc., etc. Second edition. 285 pages. Illustrated. Price .$2.00 

EMINENT ENGINEERS. By Dwight Goddard. 

Everyone who appreciates the effect of such great inventions as the Steam Engine, Steamboat, 
Locomotive, Sewing Machine, Steel Working, and other fundamental discoveries, is interested 
in knowing a little about the men who made them and their achievements. 

Mr. Goddard has selected thirty-two of the world’s engineers who have contributed most 
largely to the advancement of our civilization by mechanical means, giving only such facts as 
are of general interest and in a way which appeals to all, whether mechanics or not. 28C 
pages. 35 illustrations. Price $1.50 

ENGINE RUNNER’S CATECHISM. By Robert Grimshaw. 

A practical treatise for the stationary engineer, telling how to erect^ adjust and run the prin- 
cipal steam engines in use in the United StaKJs. Describing the principal featiyes of various 
special and well-known makes of engines: Temper Cut-off, Shipping and Receiving Founda- 
tions, Erecting and Starting, Valve Setting, Care and Use, Emergencies, Erecting and Ad- 
justing Special Engines. 

The questions asked throughout the catechism are plain and to the point, and the answers 
are given in such simple language as to be readily understood by anyone. All the instructions 
given are complete and up-to-date; and they are written in a popular style, without any 
technicalities or mathematical formula*. The work is of a handy size for the pocket, clearly 
and well printed, nicely bound, and profusely illustrated. To young engineers this catechism 
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will be of great value, ospeciallj’ to luose who may L a preparing to go forward to be examined 
for certifiiates of competency; and to engineers geuemlly it will be of no little service, as they 
will find in this volume more really practical and useful information than is to be found any- 
where else within a like compass. 387 pages. Seventh edition. Price .... $2*00 

ENGINE TESTS AND BOILER EFFICIENCIES. By J. BucHErn. 


25r> pages. 179 illustrations. ' I ’ 

HORSEPOWER CHART. 

Shows the horsepower of any stationary engine without calculation. No matter v hat the 
cylinder diameter of stn>ke: the soeam press’irc or cut off; the revolutions, or whether con- 
densing or non-condensing, it s all there. Easy to use, accurate, and saves time and calcu- 
lations. Especially useful to enginsers and designers 60 cents 

MODERN STEAM ENGINEERING IN THEORY AND PRACTICE. By Gardner 
D. Hiscox. 

This is a complete and practical work issued for Stationary Engineers and firemen dealing 
with tlio care and rnanagerncnt of boilers, engines, pumps, superheated steam, refrigerating 
machinerv, dynamos, motors, elevators, air compressors, and all other branches with which 
the modeVii engint'or must he familiar. Nearly 200 questions with their answers on steam 
and electrical engineering, likely to be asked by the Examining Board, are included. 
Among the chapters are: Historical; steam and its properties; appliances for the genera- 
tion of steam; types of boilers; chimney and its work; heat economy of the feed water; 
steam pumps and their Mork , incrustation and its work; steam above atmospheric pressure; 
flow of steam from nozzles, superheated steam and its work; adiabatic expansion of steam: 
indicator and its work; steam engine proportions; slide valve engines and valve motion; 
Corliss engine and its valve gear; compound engine and its theory; triple and multiple 
expansion engine, steam turbine; refrigeration; elevators and their management: cost 
of power; steam engine troubles; electric power and electric plants. 487 pages. 405 en- 
gravings. Price $8.00 

STEAM ENGINE CATECHISM. By Robert Gkimshaw. 

This unique volume of 413 pages is not only a catechism on the question and answer princi- 
ple; but it contains formulas and worked -out answers for all the Steam problems that apper- 
tain to the operation and management of the Steam Engine. Illustrations of various valves 
and valve gear with their principles of operation are given. Thirty-four Tables that are 
Indispensable to everv engineer and fireman that wishes to be progressive and Is ambitious to 
become ma.ster of his calling are witliin its pages. It is a most valuable instructor in the 
service of Steam Engineering. Leading enginetJrs have recommended it as a valuable educa- 
tor for the beginner as well as a reference book for the engineer It is thoroughly Indexed 
for every detail. Every essential question on the Steam Engine with its answer is contained 
in this valuable work. Sixteenth edition. Price $8*00 

STEAM ENGINEER'S ARITHMETIC. By Colvin-Cheney. 

A practical pocket book for the steam engineer. Shows how to work the probleius of the 
engine room and shows “why.” Tells how to figure horse-power of engines and boilers; area 
of boilers ; has tables of areas and circumferences; steam tables ; has a dictionary of engineerinf. 
terms. Puts you on to all all of the little kinks in figuring whatever there is to figure around 
a power plant. Tells you about the heat unit; absolute zero; adiabatic expansion; duty oi 
engines; factor of safety; and 1,001 other things; and everything is plain and sinmle — not 
the hardest way to figure, but the easiest. 2nd Edition 60 cents 

STEAM HEATING AND VENTILATION 


PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By A. G. 

King. 

This book is the standard and latest work published on the subject and has been prepared for 
the use of all engaged in the business of steam, hot water heating, and ventilation. It is an 
original and exhaustive work. Tells how to get heating contracts, how to install heating and 
'rentilating apparatus, the best business methods to be used, with “Tricks of the Trade” for 
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Bilop use. Buies and data for estimating radiation and cost and such tables and information 
as make it an indispensable work for everyone interested in steam, hot water heating, and venti- 
iatlon. It describes all the principal systems of steam, hot water, vacuum, vapor, and vacuum- 
vapor heating, together with the new accelerated systems of hot water circulation, including 
ctuipters on up-to-date methods of ventilation and the fan or blower system of heating and 
ventilation. Containing chapters on: I. Introduction. II. Heat. III. Evolution of 
Artificial heating apparatus. IV. Boiler siuface and settings. V. The chimney fiue. VI. 
Pipe and fittings. Vll. Valves, various kinds. VIII. Forms of radiating surfaces. IX. 
Looting of radiating surfaces. X. Estimating radiation. XI. Steam-heating apparatus. 
Xli. Eimaust-steam heating. XIII. Hot-water heating. XIV. Pressure systems of hot- 
water work. XV. Hot-water appliances. XVI. Greenhouse heating. XVII. Vacuum 
•»rapor and vacuum exhaust heating. XVIII. Miscellaneous heating. XIX. Radiator and 
pipe connections. XX. Ventilation. XXI. Mechanical ventilation and hot-blast heating. 
XXII. Steam appliances. XXIII. District heating. XXIV. Pipe and boiler covering, 
XXV. Tmnperature reflation and heat control. XXVI. Business methods. XXV II. 
Miscellaneous. XXVIIl. Rules, tables and useful information. 367 pages. 300 detailed 
engravingt. Price $8.00 


STEAM PIPES 

STEAM PIPES: THEIR DESIGN AND CONSTRUCTION. By Wm. H. Booth. 

The work is well illustrated in regard to pipe joints, expansion offsets, flexible joints, and 
self-contained sliding joints for taking up the expansion of long pipes. In fact, tne chapters 
on the flow of steam and expansion of pipes are most valuable to all steam titters and users. 
The pressure strength of piiiea and method of hanging them are well treated and illustrated. 
Valves and by-passes are fully illustrated and described, as are also flange joints and their 
proper proportions, exhaust heads and separators. One of the most valuable chanters is that 
on superheated steam and the saving of steam by in.*!ulation with the various kinds of felt- 
ing and other materials with comparison tables of the loss of heat in thermal units from naked 
and felted steam pipes. Contains 187 pages. Price . $2.00 

STEEL 


AMERICAN STEEL WORKER. By E. R. Mabkham. 

This book tells how to select, and how to work, temper, harden, and anneal steel for everything 
on earth. It doesn't tell how to temper one class of tools and then leAve the treatment of 
another kind of tool to vour imagination and judgment, but it gives careful instructions for 
every detail of every tool, whether it be a tap, a reamer or just a screw-driver. It tells about 
the tempering of small watch springs, the hardening of cutlery, and the annealing of dies. In 
fact there isn’t a thing that a steel worker would want to know that isn’t included. It is the 
standard book on selecting, hardening, and tempering all grades of steel. Among the 
chapter headings might be mentioned the following subjects: Introduction; the workman; 
sted; methods of heating; heating tool steel; forging; annealing; hardening baths; baths 
for hardening; hardening steel; drawing the temper after hardening; examples of hard- 
ening; pack nardening; case hardening ; spring tempering; making tools of machine steel ; 
special steels; steel for various tools; causes of trouble; nigh speed steels, etc. 366 pages. 
Very fully illustrated. 3rd Edition. Price $2.50 

'^HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL. By J. V. 

Woodworth. 

A new work treating in a clear, concise manner all modern processes for the heating, annealing 
forging, welding, hardening, and tempering of steel, making it a book of great practical value 
to the metal-working mechanic in general, with special directions for the successful hardening 
and tempering of all steel tools used in the arts, including milling cutters, taps, thread dies, 
reamers, both solid and shell, hollow mills, punches and dies, and all kinds of sheet metal 
working tools, shear blades, saws, fine cutlery, and metal cutting tools of all description, as 
well as for all implements of steel both large and small. In this 'work the simi^est and most 
satisfactory hardening and tempering processes are given. 

The uses to which the leading brands of steel may be adapted are concisely presented, and their 
treatment for working under different conditions explamed, also the special methods for the 
hardening and tempering of special brands. 

A chapter devoted to the different processes for Case-hardening is also included, and special 
reference made to the adoption of machinery steel for tools of various kinds. 4th Edition. 288 
pages. 201 lUustiatians. Price .... . $2.60 
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TURBINES 


MARINE STEAM TURBINES. Tin. Bajeb aiid O. Lasche. Assisted by 
E. Ludwig an i iL Vogel. Translated from tLe Gemnan and edited by M. G. S. 
Swallow. 

This work forms a supplementary '^mlume to the hook entitled “ Marine Engines and Boilers.” 
The authors of this book, Dr. G. Bauer and O. 7.jaM.ue, may be regarded as the leading 
authorities on turbine construction. 

The book is essentially practical and discusses turbines in which the ftiil expansion of steam 
passes through a number of separate turbines arranged for driving two or more shafts, as 
in the Parsons system, and turbines in which the complete expansion of tteam from inlet 
to exhaust pressure occurs in a turbine on one shaft, as in the case of the Curtis machines. 
It will enable a designer to carry out all the ordinary calculations necessary for the con- 
struction of steam turbines, hence It fills a want which is hardly met by larger and more 
theoretical works. 

Numerous tables, curves and diagrams will be found, which explain with remarkable lucidity 
the reason why turbine blades are designed as they are, the course which steam takes through 
turbines of various types, the thermodynamics of steam turbine calculation, the Influence 
of vacuum on steam consumption of steam turbines, etc. In a word, the very infiu*mation 
which a designer and builder of steam turbines most requires. The book is ciivlded Into 
parts as follows: 1. Introduction. 2. General remarks on the design of a tmbine installa- 
tion. .3. The calculation of steam turbines. 4. Turbine design. 5. Shafting and pro- 
pellers. 0. Condensing plant. 7. Arrangement of turbines. 8. General remarks on the 
arrangement of ste^m turbines in steamers. 9. Turbine-driven auxiliaries. 10. Tables. 
Large octavo. 214 pages. Fiilly illustrated and containing 18 tables. Including an 
chart. Price, net, go.oO 


WATCH MAKING 


WATCHMAKER’S HANDBOOK. By Clapdius Saunier. 

This famous work has now reached its seventh edition and there is no work issued that calk 
compare to it for clearness and completeness. It contains 498 paj^s ancl is intends as a 
worKshop companion for those engaged in Watch-making and allied Mechanical Arts. N^rly 
260 engravings and fourteen plates are included. Price ... .... fo.OO 
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QUESTIONS AND ANSWERS 

RELATING TO MODERN 

AUTOMOBILE DESIGN, CONSTRUCTION AND REPAIR 

By VICTOR W. PAGE. M. B., 

AatbM o( “The Hod«ra GmoUoc AvtomoMte", "Tbe Modern Get Tnetor", Etc.. Etc. 

# 

MO (CxO) Pages. 350 UlustnUons. 

PRICE $1.50. 


'nils practical treatise consists of a series of thirtysix 
1 loifoos, covering with nearly 2000 questions and their 
. answers-'the automobile, its construction, operation and 
repair. The subject matter is absolutely correct and explained 
in simple language* If you can't answer all of the following 
questions, you need thb work. The answers to these and 
nearly 2000 more are to be found in its pages. 

% 

Give the name of all important parte of an automobile 
and describe their functions. Describe action of latest 
types of kerosene carburetors. What is the difference 
between a ** Double" ignition system and a "dual" ignition 
system 7 Name parts of an induction coil 7 How are valves 
timed 7 What is an electric motor starter and how does it 
work? What are advantages of worm drive gearing? 
Name all important types of ball and roller bearings? What is a "Three- 
quarter" floating axle? What is a two-speed axle? What is the Vulcan electric 
gear shift? Name the causes of lost power in automobiles. Describe all noises 
cue to deranged mechanism and give causes? How can you adjust a carburetor 
by the color of the exhaust gases? What causes "popping" in the carburetor? 
What tools and supplies are needed to equip a car? How do you drive various 
makes of cars? What is a differential lock and where b it used i Name different 
systems of wire wheel construction, etc., etc 

A popular work at a popular price. Answers every question you 
may ask relating to tho modem automobile* 


Copies of this book sent prepaid to any address on receipt of price. 

THE NORMAN W. HENLEY PUBLISHING CO., 

132 NASSAU STREET. • NEW YORK 



JlTSl PUBLISHED! 

MOTORCVOIS, SIDE CARS 
AND CYCLEGARS 

Their Construction, Management and Repair 
By VICTOR W. PAGE, M. E. 

Autlior (if “The Modern Gasoline Automobile, ’ Eto., Etc. 

Contains over 350 specially made illustrations showing the moat 
valuable series of drawings pertaining to motorcycle 
design and construction ever published. 

550 Pages PRICE SI. 50 5 Folding Plates 

The only complete work published for the Motorcyclist and Cyclccarist. Describes fully 
all leading types of Machines, their Design, Construction, Maintenance, Operation and Repair. 

This tr(*atisc traces the motorcycle from its earliest forms to the approved models of 
th(3 present day. It outlines fully th(3 operation of two and four cycle power plants and 
all ij?nition, carburotion and lubrication systems in di^tail. Describes all representative 
types of free engine clatclu's, variable speed ir(‘ars and Power transmission systems. 
Gives complete instructions for operating and repairing all types. Considers fully elec- 
tric self-starling and lighting syst(?ms, all types of spring frames and spring forks and 
shows leading control methods. 

The prospective purchaser and novice rider will find the descriptions of 
various engines and auxiliary systems easy to understand ; the repair hints, 
suggestions for locating troubles and operating instructions invaluable. 

The Dealer, Mechanic and Expert Rider will find this treatise a work of 
reference without an equal. 

For those desiring ti'chnical intormation a complete series of tables and many form- 
ula to assist in designing are included. The work tells how to tlgure power needed to 
climb grades, overcome air n^sistance and attain high speeds. It shows how to select 
gear ratios for ^arious weights and powers, how to figure l)rakii\g efficiency required, 
gives siz(‘s of bolts and chains to transmit power safely and shows how to design sprock- 
ets, belt pulleys, etc.. This work also includes complete formula^ for figuring hor.se- 
powcT, sliows how dynamometer tests are made, defines relative efficiency of air and 
water cooled engines, plain and anti-friction bearings and much other data of 8 practi- 
cal, helpful engineering nature. Remember that you get uhis information in dditlon 
to the practical description and instructions which alone are worth several tin 's the 
price of the book. 

THE CHAPTERS ON CYCLECARS GIVE ALL THE INFORMATION NEEDED 
TO UNDERSTAND THE CONSTRUCTION AND OPERATION OP 
THIS LATEST DEVEJ.OPMENT IN THE FIELD 
OP SELF-PROPELLED VEHICLES. 

The Norman W. Henley Publishing Co. 

132 Nassau Street, New York. 
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THE MODERN GASOLINE 
AUTOMOBILE 

lu Construction, Operation, Maintenance 
and Repair. 

By VICTOR W. PACt M.E. 

SOO lIliiBtratloiis^Over 700 (6x9) Pages— Tea Large Toldlag Plates 

PRICE $2.50 



A COMPLETE AUTOMOBILE BOOK, SHOWING EVERY RECENT IMPROVEMENT. 

By a carefol study of the pajes of this book one can gain practical knowledge of 
the automobile that will save time, money and worry. The book tells you just what 
to do, how and when to do it Nothing has been omitted, no detail has been slighted. 
Every part of the automobile, its equipment, accessories, tools, supplies, spare parts 
necessary, etc, have been discussed comprehensively. If you are or intend to berama 
a motorist, or are in any way interested in the modem Gasoline Automobile, this is a 
book you cannot afford to be without 

COVERS EVERY PHASE OF 1913 AUTOMOBILE PRACTICE AND IS SUPERIOR 
TO ANY TREATISE HERETOFORE PUBLISHED. 

Written in simple language by a recognized authority, familiar with eveiy branch of the anto* 
mobile industry. Free from technical terms. Everything is explained so simpler that anyone of 
average intelligence may gain a comprehensive knowledge of the gasoline automobile. The informs^ 
tion is up to date and includes, in addition to an exposition of principles of construction and description 
of all types of automobiles and their parts, valuable money-saving hints on the care and operation of 
motor cars propelled by internal combustion engines. 

Motorists, students, salesmen, demonstrators, repairmen, chauffeurs^ garage owners, and cVen 
designers or engineeis need this work because it is complete, authoritative and thoroughly up to-date. 
Other works dealing with automobile construction published in the past, make no reference to modem ,fnorove* 
ewnu because of their recent development. All are fully discussed end iilustiated in tbie vnlmne. 


CONTAINS SPgCIAL CHAPTERS ON 


1. Type* of Modern Automobile*. II. How Power Is Genemted. III. Principal Parts of Gasoline Enpinaf, 
Construction, and Application. IV. Constructional Oetaila of Astons. V. Liquid Fuel* Used and „ 
of Vaporizing to Obtain Explosive Gas. VI. Automobile Power-Plant Ignition Systems Outliaed* 
VU. Reasons for Lubrication of Mechanism. VIII. Utility of Clutches and Gearaeto. 

IX. The Chassis and Its Parts. X. Wheels. Rims and Tire*. XL Motor Car Equip* 
ment And Accessories. XII. Operating Adviix and Explanation of Automobile 
CPntrol Methods. Xlil. HinU to Assist in Locating Power-PIaat 
Troubles. XIV, Keeping Up the Motor-Car Chassis, 


inet. Their Design, 


Copies of this book sent prepaid to any address on receipt of price. 

THE NORMAN W. HENLEY PUBLISHING CO., 

132 NASSAU STREET. . NEW YORK. 
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Simplifies All Lubrication Problcsms No Ocstails Omitted 

Tells When To Oil and What Kind To Use To Secure Best Results Size 24 x 38 inches— PRIOF 21! rPMT« 
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THE MODERN 

GAS TRACTOR 

By VICTOR W PAGB. M. E. 

Author of "Tho Modem GeeoUae Auto m o bil e." Btb 


A COMPLETE TREATISE DESCRIBING ALL TYPES AND SIZES OP GASOLINE 
KEROSENE AND OIL TRACTORS. CONSIDERS DESIGN AND CONSTRUCTION 
EXHAUSTIVELY. GIVES COMPLETE INSTRUCTIONS FOR CARE. OPERATION 
AND REPAIR, OUTLINES ALL PRACTICAL APPUCATIONS ON THE ROAD 
AND IN THE FIELD. THE BEST AND LATEST WORK ON FARM TRACTORS 
AND TRACTOR POWER PLANTS. 

480 PAGES-TBKEE FOLDIHG FUTES— 204 ILUISnUTIONS 

PRICE • • $2.00 

A modern exposition in the language of the Held showing and describing 
every recent improvement in tractors and auxiliary appliances. All money 
making farms use power, heam how to apply it now* 

This work It written by ft recoffnized ftuthority on •elf'propelled veblclet ftnd tntemftl combuBtlae 
motors. Everything is explained so simply that anyone of average IntelHgenee may obtain a eompitt^ 
hsnsive knowledge of gas tractor operation, maintenance and repair- Tells how they are construeted 
and explains fully the reasons for varying designs. Contains special chapters on driving the tractor OD 
Seld and road, what to expect from tractors in various kinds of Work, cost of operation and money* 
making hints on repairs. It describes all ignition systems, all types of gasoline and kerosene vapori* 
zers and carburetors, latest forms of power plants and installation, clutches, speed changing and reversr 
Ing gears and all frame parts and their functions. Telle bow to tell brake bors^M>wer from draw bar 
or horse equivalent power, bow to make adjustments to power plants, change speed gearing and ether 
parts. Describes tools for tractor repair and gives plans for tractor sheda ao they can ba used In wiot« 
for stationary power or workshops where all repairs may be made. Outlines control systems of leading 
types and shows simple hitches for working various implements in combination. Deacribaa folly trac- 
tors for small farms and orchards as well as types of the largest capacity. All fUostratlona are plainly 
marked with all important parts indicated so they may be easily identified. Drawings are simpk bat 
In correct proportion. Every illustration bas been specially made for this book. 

ALL FARMERS, STUDENTS, BLACKSMITHS, MECHANICS, SALESMEN, INL 
PLEMENT DEALERS, DESIGNERS AND ENGINEERS NEED THIS WORK 

Written in language understood by all* No technical terms* 

COVERS EVERY PHASE OF 1914 IRACTOR ENGINEERING ntACTICE AND 
IS SUPERIOR TO ANT TREATISE HERETOFORE PUBUSHED 


Copies of this book sent prepaiil to any address on receipt of price. 


THE NORMAN W. HENLp PUBLISHINQ CO., 
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i9lg REVISeP FDiTION 


How to Run and Install Two and 
Four»Cycle Marine 

Gasoline Engines 

By C. VON CULIN 

100 Pages Price 25 Cents Fully illustrated 



1915 REVISED AND ENLARGED EDITION 


The object of the author of tiiin book is to furnish a poek(‘t instructor for 
the iieginner or the busy man who uses a iiiarliie engine for pleasure or profit, i>ut 
who does not have the time or inclination for a more complete technical book. The. 
instructions given are ample to enable any pers<»n to properly install, care for and 
operate his own marine engine. 


Among Some of the Subjects Treated Arb: 


Avoid Trouble 
Hack -Firing 
Hadly Flooded Engine 
Batteries 

Adjusting Farburcter 
Carbureter Trouble 
Care of Engine 
Crank (!ase ExvAosions 
Cylinder Pressure 
Dynamo or Magneto 
Exhaust 

Extra Spark Plugs 
Failure to Start 
Four-Cycle Engine 
Gas Engine 


Gaskets 

Grimllng in Valve.s, Cycle 
fiard to Turn Over 
Horse I*owcr 
Ignition 

Imperfect Exhaust 
Jump Spark Coll 
Jump Spark Engine 
Jump Spark Plug 
Jump Spark Timer 
Make and Break Coil 
Make and Break Engine 
Misfire, Four-Cycle 
Misfire, Make and Break 
Misfire on Slow Speed 
(Four-Cycle) 


Kuhmkorff Coll 
Spark Coils 
Spark Plug 
Spark Plugs 
Testing Juim> Spark 
Three-Port Two-Cycle 
Engine 

Timing the Spark 
Troubles 

Two'CycIe Engine 
Two-Port Two-Cycle 
Engine 
Valves 

Weak Batteries 
Wiring 

Worn Thread * 
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Gas, Gasoline 


AND 

Oil Engines 

By GARDNER D. HISCOX, M. E. 

Enlarged and Brought Up to Date By VICTOR W. PAGE, M. E., 

Author of “ The Modern Gasoline Automobile,” Etc. 

640 PAGES— WITH FOLDING PLATES— 435 ILLUSTRATIONS 

PRICE $2.50 NET 

The 1915 Revised, Enlarged and Entirely New Edition of 
this Standard Work, Considers Exhaustively All Types of 
Stationary, Marine, Motor Vehicles and Aerial Power Plants 

The niochaiiic, gas enjfine operator or salesman must have a practical knowl- 
edge of the gas (‘ugine in order to Increase his value to his employer. This work, 
written primarily for this large elass, contains matter of vital Interest. It shows 
all the latest developments, such as the Diesel engine in the stationary power field, 
the Knight sliding sleeve automohile motor and the (inome rotating cylinder aero- 
plane motor. It details all the practical ignition systems and methods, including 
the hot tube and hot bulh for stationary engines and all forms of high and low 
tension electrical ignition groups. It shows high and low tension magnetos, 
describes battery forms, induction coil construction and all kinds of wiring diagrams 
for stationary, marine or auto motors. It defines all the liquid fuels and their 
properties, shows how to adjust and use all types of gasoline and kerosene carbur- 
etors. All leading producer gas plants are described and illustrated. Full instruc- 
tions arc given for v.alvc and spark timing, all kinds of valves and operating mech- 
anisms are discussed. Practical instructions are given for making all kl ids of 
engine power tests and latest forms of testing apparatus are described. The -ules 
regulating gas, gasolim’ and oil engine installation are given In full, also a com- 
plete chapter on engine mauageiiicnt. The application of the gasoline engine to the 
automobile, motorcycle, aeroplane, motor boat, gas tractor, and in farm use is 
fully described. The requirements of motors for these uses, their peeuUarltles. 
eonstructioTial details and actual installation are also considered. Many practical 
rules and easily worked out formulae relating to engine power determination, 
design of parts, etc., are given that can he ased by those without technical knowledge, 

NOT TOO TEdNlCAL FOR THE STUDENT— NOT TOO ELEMENTARY FOR THE ENGINEER. 

A PRAaiCAL WORK FOR PRACTICAL MEN 
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TteGasoline Engine oiuieFartn 

Its Operation, Repair and Uses 

By XENO W. PUTNAM 

527 Pages 179 Engravings 


Price $2.00 


Thi« is a practical treatise on the Gasoline anil Kerosene Engine inteinlcd for 
the man who wants to know just how to inanaj;e his engine and how to apply it 
to all kinds of farm work to the best ndvantaj?e. 


There is so much of value in this book, that 
it is impin-'ible to adequately <l(‘S(Tihe it in such 
small space. Suffice ti> say that It is thq kind of 
a book every farmer will niiprecJate and every 
farm home ought to have. Includes selecting the 
most suitable engine for farm w'ork, its newt convenient 
and efficient installation, with ehapters on troubles, thidr 
remedies, and how to avoid them. 1Mie care and raan- 
ageinont of the farm tractor in plowing, harrowing, bar 
vesting and road grading are fully uovcretl ; also plain 
dire<‘t!ons are given for handling the tractor on the read. 
Sp(‘clal attention Is given to relieving farm life of its 
drudgery by applying power to the disagreeable small 
tasks which must edherwise be done by band. Many 
hoiTKMuade contrivances for (‘utting wood, supplying 
kitchen, garden, and barn with water, loading, hauling 
and unloading hay, delivering grain to the bins or the 
feed trough are included ; also full directions for making the engine milk the cows, 
churn, wash, sweep the house and clean the windows, etc. Very fully illustrated 
with drawings of working parts and cuts showing Stationary, lV)rtable, and Tractor 
Englne.s doing all kinds of farm work. 



WHAT IS SAID OF THIS KOOK: 


A valuable book and one to be largcdy read . — Farm and Ranch. 

The hook is well worth the price to anyone using a gasoline engine (»n his 
farm . — West Virginia Farmer and Orange Advocate. * 


The Norman W. Henley Publishing Co. 

132 Nassau Street, New York 








